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a, 7'J-;y7;y*yya. 7 l J-*a, 7;y3*y-a, 
T'J-P^xa. MJ7/y*/yj/'J;ya. */l/7**- 
ha, Aoyyj|[^4fcJi*3RK^T**it* < »*L 

[0067] OTIC. TfflKHR* (IIM) 



(11) 
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W*ft^*t«5tr&. f* (y^n^y^yx^) 

;o^y^y'xz/H ^3-r>Ax?oi; h\ t'x 
(x?n^y?i;xx;u) ^nx^s/yus F\ f 
x (istu^yfiSx.-}],) *^)Vi/)Vi~*72±*iJ J ; 
oUb\ t'x (^u^y^'xx^) iSfoa-V&y 
xy*^y?DUH, fx (^Wy^n^y^yx 
-/I/) y>3-Wy^DfJK, tX (X^/Wx?D^ 
y^x'xx^) ^azW^nUH, fx (rot 
;l/y?n^y^y'xx;H y'w^Ay^nyH, t 

»Jb\ t'X (My^y^O^y^yX-/!/) S//HIX 
^Ay^n 'J F\ b"X (^fvl^n^y^xx 
;U) ^nx^A^oi; F N fx (>(yf-/P) ^ 
nx^A^o'J F\ fx (4,5,6,7-rh^t Ko-f y 
f-/H fx (-fyf^H 

y;^-W^7o5 h\ fx (y^O^yXZ 
xVUnx^A^^yk fx (^o^y^S/x- 

;U) y^^^h^y^D'J h\ fx {i/^Vl^V 

^yX-;H ^>3X^Axh*^y*o'JF\ fx (7 

/ktlxXyP) y>3ZW^O»J b\ fX (^?U^ 

y^'xxAO i/>r?-^Afx (;><?yx/Utf-f 
M . fx (y?pA;y?yX-;H yw-WW 
(p-b^xyx/^tb) . fx (^n^y^yxx 

h) , fX (^f/l/y^O^y^yX-/!/) ^/HIX* 

A fx ( hy7/k*u^yx/i/*^M , fx (xf- 
/l/y?n^y^yxx;H i/VWnx^Atx (MJ7/1/ 
:*p^?yx/M^M % fx (TPf/i/S^o^y? 
yX-;H y/^-^Ah'X ( hV VlVJiU* 9 
*+h) . fX (/f^y^D^y^yXX;H i/fra 
x^Afx (Ml7;l/^n^^yx;P*^b) . fx 
(^y^y^n^y^yX-/!/) yi^-T>At'X 

(h'J7Wo^^yxMth) . fx 

^D^y^yXX/l/) y>3-r>i,t'X ( HJ 7/M"Q 

^^y^*th) . fx (*^)\,^)\>i/?u*.V9 
y/^-^At'x ( hU7;l/^n^^yx;U 
tf-fM , fx (^^7°nf;l/v^n^>^$/xx 
/!✓) y;^x^Ah7 ( h'j7;Wn^^yx;^t 
h) , fx (^f;^f;Py^n^y^yxx;H 
nx^Afx (hU7;i/;fp^yx/M^M . fx 

(yVf/Py^D^y^yXZ/H y';|/3Xi)Ay7n 

X' X a 

\ / 



■Jh\ fx (^f^rotr/^^n^y^yx-^) y 
W-Wy7n»JH, fx (^l^/l^o^y 
^xxyp) y'WXWy?o!JK> fx O^a, 
^x/l/^o^y^Sy'xx/i/) Sy/l^x^A^oU 
h\ fx (xf;^f^y^D^y?yxz/H ^;urj 
XT>Av?o»Jh\ b^(b'J^f/^O^yX 
xyl/) yw^A^oliH, fx (f h7^f^y 
?o^y?S/xx/i/) vV^x^a^dU F\ fx 

(^y^^f;Py?n^y?yx-;M x>ax^Ax 
?DUh\ t'X(^f/Kyy>y?P^y?yXX 
;P) iy>3XT>ASy^D'J h\ fx ( X^yl/'V* 
?p^y^yx-/H S^ax^S/^a'J fx 

{*^)\/i/9u^i/)Vi'9u^y$i/X—)\/) ;y;i/3 
xWy?n»JH, fX (Sy^D^y^>?XX;P) xf- 
;US//U3XT>A^y^nU h\ fx ( i^o^y^vx 
x;i/) ^n^^/l/^x^Aty^ny fx 

(y^D^y^y'XZ/H 7x^y>3^^/; 
DU h\ fx (y^U^yX-;H ^y^y;P3 
x^y^niJK, fx (y?D^yXX;H * 
f-rt^/iox^Atyyvf K7-f h\ fx (i/9u^y 

^yXliU ^7xX;U£y>aXT>ix. fx (^?o^ 

y^yxz/H ^y^^3-9A, fx (>f yf 
x;i/) ^nx^Afx (p-h;i/xy^*tb) . f 
X (y7f^y?o^y^yX-/H y'/^X^AXh 
*$/?n»Jh\ fx (^f;Pxf;l/y?o^y^yXX 
^nx^AS^n'J F\ fx (7ot>y?n^ 
yj'yX-yW y>3^Ay7o'Jh\ fx {*^)V 
/f^y^n^y?^x-/H f/;l/r7xr>Afx 
yx^7**-H . fx (hyyfvi^U/H^o^ 
y^yxz/K y/^x^Ay^o'J F&if. 
[0 068] ^fciE^fcfcV^T, ^o^y^'x 
-/H<?)1»(1 l,2-fcJ:m,3-H$#£^ Z 
Kftfrli. l,2,3-;fcJ:t/l,2J-fi$#£^tfo ^tra 
t;k n-)lt£WT)V*)Vmt. n-. K sec-, tert 

WC, y>3zr>Aj, ^9y&tzW\7-*7MzWM 
^dt^WSitttU, 2fBco^^n^y^ 
xxx;kt^^^t§ ffifiW 2 flTC>HteS £tf LT« 

TIB^ (III-3) T*;8to4fc^jW(f&*lft. 
[0070] 
Hfc2 0] 




[007 1J*K Mi fi, 



... (IH-3) 

ft^U i*«Ji:(±, y'^3xr)A, *?-VJ*itz 



(12) ftm 1 ! 1-80 2 24 



R 16 s R 17 #J:im i8 ti, EHKH-TfcJMro 
TwciJ:<, ^H^SS:* { l~2 0wMb}<^a, £ 
mfc^m* 1 ~2 0OAnyy^t*3R», 4r-f 5H£ 
Wa. iSR**«. -f*">**r£. ^m-^ws. UV* 
*£. **«?*fcl±Anyy!lt?£iirf. R>\ 
R 16 , R 17 fcJ:tfR> 8 -C*S*il>So3*>. 2ti£Nft 

tUzmZBf&LX^X t J;v\ fctJ. R"\ Rt«, 
R"fcj;im i8 ##* 2yi»K«ss*i-c^s^ **i 

«#5r4£?iJ:v\ RT'^^ixSSc7)-5*>|5]-<0-t7 

< y?x<m>cot,i. *tit>zm^x\ 9iJM-t&i*& 
[0072] mmmtf i ~2 onmummt lx 

BftWtett, IHBHWi (III-l) KtJ»t4L> fcfttt 
or^/i-a. y;o7/W;H. r;w^-;ua. ry 

[0073] £ft^K^**j&<i6£l/C»jfc*4tl 

l^yfvk x?-;k 7otr;k 7*f-/l/$r4rtf>7VMf/P 

[0074] 1 ~2 OOAnf y •( t^-f bK 

^St LT(i, 1WE{JWK : F*d t l'-2 O^MbK^S 

iTJMfcWWi, 1WEHRS (m-1) iztmzu b 

y^x-r/k >"-f 3HBftT/t^f-/Ht, ^-rfcWftTU 

[0075] BflteSS&ttWCtt. fflSHB&t (III- 
1) (cfcttSL' fcPWWtHoJfHI. T>H*'> 

[ o o 7 6 ] a tv^mt ixizmmm$im<v® 
VgfcLTJirsyg; A*/kT$A i^f-zwrs 

/, i/Xf-zl/TSA i^rnt/tTSA *J7+lV7$. 

7i-;k7sy« i-*7x-;w7SA >->y/kT$A 

y-J-7f-/l/7*$ A ^f-^xX/i/TSySrfcWJ- 

mi*. 

[00 7 7] oy^mtLXii^^^ytxy'i 

[0078] ztLbm-h&tmmTmn-iowmt 
*mmx'bhzttfmL<. wcx*/k x*/k r 



te*mm#m£Lxj&j8.ztitz'<*y-eym. mom* 
tffi& ix m^titz^y^ym^^mw^ * 

/k xf-/k n-7Dt;K iso-Tot'/k n-7*f-/k is 
[007 9] X' fcilW & 5^{cH--eta=Sro 

•cv^Tij;<, smm=m 1-20 <^m\^mm, dsr 

•f^SSrS. *>f**tflk **KWv:JiAnyy 

[0080] jj&HiFHK 1~20 OMbkigg. ftXM 
^i~2 0<o^nyyfl^bk**. tt*&3r£fe.}: 
tpNDyyK? fc LT(±. ffieR 15 -R 18 i:|5|«oaj3 

[0081 ] ^^^^afcLTti, H?ISR 15 ~R 18 i: 

R«w>a. ^Tjt^y f-/u7./u7 * *- h , h y 7;^ 

u*?y*)l'7t*—h. 7x~JlXjU7t^—b. < 
y : J)VX)V7**—V^ p-h/l/Xy^7?*-h. h 
0yf;Kyt'^*7 * ^- h . S U >f y 7f;Ky 

h» ^.y^7;P^n'<.y-b>x;>7^^-h^i:'i7)X;U 
7*^-hS;yf-^X;P7-f^-h, 71-^7 

-f*-h, ^y-if yx^7 -f b , p-h/ux>x;P7 
h , h y y f;Ky*>x^7 ^ h , *<.y9 

7)V^uK.y^yX)V7 4 *-b%t'<7)A)\s7 < h 

m?m.x:*h. 

[0082] l/Ctt, BiffBR 15 ~R 18 i: 

ZiX(><7)dib. Any>ST. 
1 - 2 0 <0DSft**£ 4 fcttx/l/ 7**-h mX'h h Z 

[0083] Y> tt, K«IS ; F»*«l~20O2fll«)ft 
^bK*«. D8RJS^R*U~2 0W2«WAaywtK 
•fbkSa. 2fic7)^-^s-irW», 21iwy;l/'7x>7A* 

^"8. 2ffcOXX^S. -O-. -CO-, -S-, 
-SO-, -S0 2 -. -Ge-, -Sn-, -NR 19 
-. -P (Ri9) -P (O) (R 19 ) -. -BR' 9 
-4fctt-Al R 19 - Cfcfc'U R 19 «±. 5VHI|S]-T' 

mm. sm%?%.tf i-2owno yyfljift*iai , 
[ o o 8 4 ] smm-mt 1 - 2 0 o 2 fffi^bK^a 

ttTMWtWWi, yf-py. WfyMfuy. 1,2- 
ituy, xyf-^-i,2-xf-i^-y, i.3-t-y*f-u 

V. 1,4-Th5y^-I^y. l^-y^oM-zUy, 1,4- 
^^u^^uy^^cor/u^uym ; y'7i-/Mf 
u y . : J7 x , 2-x?- w- y fc* <r> 7 y -;P7 
uysfc^aw&fts. 

[0085] K«Kflfc«*l~2 0<02ffi«^)ADyyft 
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m^mwmifii -2 oco2m^mt^mmi:^uyy 

CO 0 86] 2tt<W*£W£fcL'a±* y'JU^ 
;<f-/l^>y^y, y7f;^yi/y, ^x?-;i^y^ 
y, y (n-7°Pt a ;l/) zsVls>* (i-rot^) i/'J 

/hl,2-yy U !✓ y * t'^r/i^i^v 'J u y S ; T/P 

[0 0 87] 2ffi^y;UT^^A^WatLTJi. ±IE 
S^fc'^W^ftSo 2ficOXX^StL-C(i. ±12 

[0088] <Iix£><7)3*>. ^^;l/^yixy N y7x 

x/i^yu-y s ^^7x-;^yuy=6:if^aais/y 

h»Nnyy|gf, M*H^8Sc^l-2 0co»K 
KSRH^R** 1-20 WNny y^fltfc*atc 

[0089] UlTC «rf£* (IH-3) -C*5*l4a» 

v-Mx (>fyf-^) i^^sMox^ 
y-t*x (>f yf^/H yW^A^oy b\ xf- 
l/y-tx (>fyr-;P) S^lox^Af;*. ( hU7;P 
Jtu*?vx)V^y) % xfi/y-t'x (4 y-fx 
;W) ^>3-T>i,t:X U?yx;W*^M . x^uy 
-fx (>fyf-/H y>3-wt'x (p-h/i/xyx 
vl/^h) , xfi/y-t'x (>fyf^) i^x^ 
At'x (p-?p;l^y-fe>x/WW-M , xf-uy-t* 
X (4,5,6,7-fb7t Hu>f yf-/H 

;n'jh\ 4 vroiry fy (y^o^y?yx-/n 

y-fy (y;o^y^yx-/WUf^y;o^y^y 
xx;H ^nx^ju^oy h\ ^f^yuy- 
t*x (y;n^y^yx-;P) y>a-Wy7Dy 
b\ y^f^y'Jl/y-t'X (^f/i/y?n^y^yX 
x/P) x'/Urj-^Ax^ny h\ i/J+frisVUy-V 

x 1 x 2 

R" R» 

R" 
R" 



py F> s^xf-zi^y uy-t'x < hy^/i/S^n^ 
y^^xx/p) ^;l/r?x^A^nyh\ *J**)Vi/V 
uy-trx (>fyf^) yy^xWy^Q'JH, i/' 

^f/l^y'Jl/y-t'X (>(yfX/H y>3XT)At'X 

( mj 7)V*u*?yx)VKi~Y ) , ^^/Pvy^y 

-t'X (4,5,6,7-rh7t Kp4 yfx;H v>t?x^ 
Ay^D'JH, ^Vf-^yi/y (y?D^y^yXX 

)V)(7)V*\s-)V) x/l/rJXT>Ax^uy h\ x7xx 
/PS/yuy-tf* (^fyfx/W s/^ax^Ai^oy 
h\ ^f;l/7xx;py'jl/y-t'x (^yfx^) x> 
3Xi)Ay7nyh\ rac-^^S/y 1/y-t'^ (2, 
3, 5- MJ f ;l/y ^ n^y ^ i/'xx;l/ ) *J)Va-*?J±*J 
;Q'Jh\ rac-^^/l/vyu-y-b'X (2,4,7-by^ 
f;l/y?p^y^'x-;H y>3x^^n!J H> 
rwrVWVi'VVy-yZX (2-*?Vl/-4-tert-:r^ 
>/^D^y^i/x^;p) Sz/Pax^AS^oy >fy 
7°ntry fy (y?D^y^yXx/i,)(7;Wi/x;H 
^ax^A^ny b\ ^f-z^yi/y (3-tert- 
7^;l/$/?o^y*xxx/W(4 y-fxyl/) x>r?-^ 

Ay^py >fV7oeyfy (4-^/i^?p^y 
? >?xx;n (3-^ yrx/p ) y>3x^Ay? u 
y h\ A yraeyfy (4-tert-^^^^n^y^ 

yXX/W (3-^;M yfx/I/) y'/^x^Ay^ay 
b\ ^fvrnt'yfy (4-Urt-7*A>>'?U'<yjri/ 
xx;H (3-tert-7>/M yf-/H y;^-^Ay'? 
o'JF, *J**)W)W (Wf^y^n^y^yx 
x/W(3-^f;Hyf-/H ^nx^AS^pi/ h\ 
y^f^y'Jl/y (4-tert-y^v^a^.y^^X- 

/i/)(3-^f/Hyf^) y'wxwy7nyH, i? 

X+fci/Vlsy (4-tert-7 , f-;l/^^n^y^^X^) 
(3-tert-7?vM yfx;K y^axWy^uy h\ 
y^f^y'Jl/y (3-tert-y^^^D^y^xXX 

)V)(y)V^v^)V) ^ax^y^oy b\ >fyro 

f'Jfy (3-tert-7'f";l-^^P^y^y ;f x-;W(7;U 
ifrWX/lO y'WX»)Ay^py F&i\ 
[0090] £fc±fe<9j; a ^k-&*+c0x>3X^A 

s^tt-r&So «rae-«bJ: un-3) -c^sn**? 

(III-4) ttAt (III-5) T*S*i6»B^SMk^ft*< 
* 

[009 1] 
[^2 1] 
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[ o o 9 2 ] a*, mi immmmow&i&m^ 

A7-*>AT'&9. mi<WJ)UZ2-iyAZ'h&. R 

#1-6^»K»S£^U AftWWi. ;><^;k x 
fvk n-7'nbVk >fV7nt;k n-7f-/k -fV7> 
;k sec-:/f-;k tert-7^;k n-^yf-;k 
f7k n-'v^/k ^^p^^^;^if^)T;^^S ; 

£o 

[0093]^ft^o*>>f yr-rt^tctS^Lfcft* 
[00 94] R 22 „ R 24 , R«i5j:tfR 26 «. SV^fcR 

yfy;k 7x^>MJ;k t°k~;k 7-b^7f-;k 
ft^coo^7x-/k ^f-zk T^hU/k 7ity 

[0095] ztibcoTV -jvmii. ?vm. M 

m. 3^*&tV)Au^yJS^ ; ,x?*/k xfvk 7°n 
t?/k 7f7k ^vvk s^nM^k tf^/k 
y-/k Fr>7k 7-frJ^/k //ktf;l/-/k T^v 
yfvl/&iV)7/I^/I/3l ; fcf— /k 7°o'<~/k £/^n 

?7k 7 x -;k7'n bVI/& if cor U -A-T/k^a ; 7 

x-7k hU/k Wf^7x-/k b'J^f/P7x^ 

/k xf/i/7x^;k 7°ub°;l/7x-/k b'7x-;k 
«-^/ , :(W-t7f;k *-f;kf7fvk 7y hy 
/k 7x^yHJ;k ^yy>7x-/k b'U-/k 7 
-fe-f7^/k 7xtl/-;k T^rvh^-Zk fh 
5tHnt7f;k >fy^-/k b*7x- y/l/& i:V)7 

»J*f-;^'J;k b'Jxf;|/y'J;k h'j7x^y<j 

[0 0 9 6] Xi &±tfX 2 li, SUcH-T'tg&o 
■OvctJX, ffie-HR^ (III-3) fcfcttSX* fcj; 

ui^sfflR** i-2o jam 

[0097] Y» tt. WiE-«« (III-3) ttJJti. 



fWsVisy, 7)V*)VT y -)Vis y u > £ tzlir y 

[0098] HTK-hlBHR* ( II M) ?mil&M 
tt*<t&tonM t tiM%9t : £:7fit o rac-S/* ^ v y 1/ 

y-b'x (i-(2-^f/H-7x-;Wyf^k J 5^ 
^Ay?n'jh\ rac-^fvi/yyuy-trx {1- 
(2-^^k4-(a-^7f-;u) -fyr-^) > 

Wy7a»JH, rac-S^fvPy yiyy-b'X {1- (2- 
;<^/k4-(£ -^7^-/1/) 4 yf-/H ) ^r?-^A 
x?o'JK rac-^^/I/^y^y-t^ {1- (2-** 
;k4-(l-7yfy^) >fyr-;U) I 

(2-ryhy^) 4 yr-/k i ^/pn-^As^oy 

h\ rac-S^f^S/U Vy-b'X {1- (2-*f7l-4-(9- 
7yh y;l/) 4Vf~)V) | y>3-Wy7o>Jh\ 
rac-vV^/l^ypy-b'X {1- ( 2-* (9- 7 x 

^yhy/u) <i>?~)V) > y/^-Wy?oy h\ 
rac-x^f-y^yi^y-tx {1- (2-^f-;k4-(p-7^ 
^n7x-;u) y-r^/U) } ^3-»>Aj;^ny 
h\ rac-^f-/^yi/y-h*X {1- (2-^^-4-(^ 
y?7Wo7x-;H >fyr-;l^) ( y/^-^Ay 
?n'JF, rac-xV^^yi/y-b'X {1- (2-^^;k 
4-(p-^nn7x^;l/) AVf-)V) } 
^nyh\ rac-^^/^yixy-b'^ {1- (2-^<f*;k 
4-(m-;PD7x^/W >f yf^/H } iSjUa-iJ&is 
?n'J h\ r*xri/X*)VSsV Uy-b'X {1- (2-X*)V- 

4-(o-;dd7x«/W ^fyf^k } x;pa-r>i,y 
?n»JH, rac-^>^-;^yi/y-b'x {l- (2-^f*;k 
4-(o ( p-y7pn7x-;W 7x-/H yf^/k } ^ 
WzWy^n'J h\ rac-^V^^yi^y-b'X {1 

- (2-^f/H-(p-7 r D : E7x^H ^(yfx;k } 
;l/3-^Ay7DiJ h\ rac-^^vyiyy-b'X {1 

- (2-^;k4-(p-hy/U) >fyr^) I ^;Ur?-^ 

Ay^O'J h\ TK-i?*+)VW) V>-\lX {1- (2-^ 
f*/|/-4-(m-by;l/) ^yf-/W I y>3-»)Ay7o 
y h\ rac-^V^/i/xy Wy-b'X {1- (2-^f-/M-(o 
-hy/U) A Vt-)V) } y>3^Ay;p(j rac 
-^^vyiyy-b^ {1- (2^^;k4-(o,o'-y^ 

f-;U7x-;W-w yf-/k y^3-»>Ai/^oy 

h\ rac-x^^v-y l^y-b'X {1- (2-^f-;k4-(p- 
xf;i/7x-;H ^fyf-/k } y>3-^i.y7ny 
h\ rac-ifX+foi/V l/y-h'X {1- (2-^f-yk4-(p-i 
-7 0 Db/^7x^7l/) >fyf^) } y/P3— 

pyh\ Ttt-i/*+)Visy uy-b'x {i- (2-^f-;k4- 

(p-^yy^7x-;k 4Vt-!V) ) l/)V3-*;2±i/ 
^DUH, rac-v^fvl^y Vy-VA {1- (2-^f-yk 
4-(p-t'7x-/k >fyf-/k > ^3-9A5/7n 

y b\ rac-y^^vyi/y-b'X {1- (2-^f-;U-4-(m 
-b^x^/U) ^fyf^k ) y>3-Wy7o'J 
rac-S/^^;I/yy Vy-b'X {1- (2-*^7k4-(p- 
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*>Ax?ny b\ rKr*J**iVi/V]/V-\£A {1- (2- 

-t'X {1- (2-7x«/H-7x-/H yf-^) } v> 
SX^Ai^oy rac-S^X^/l/^y Uy-t'X {1- 

(2-^f;H-7x^Hyf^) } ^nx^Ai; 

;n»J h\ rac-SMi-robVl/) x'Jl/y-t'X {1- (2 

y h\ rac-SMn-7>7l/) ^yU-y-b'X {1- 
;H-7x-/Hyf-^) } i^nx^A^ny 
h\ rac-i/'v^n^^/p^ijuy-h'X {1- 
/H-7x-;Hyf-/M } s^nx^A^ny 

rac-^/l^xXjlo/yi/y-b'X {1- (2-*^/k- 
4-7x-Wyf-iH ) yW-^y?D!Jh\ ra 
c-y7x-/^yi/y-t'X {1- (2^f/H-7x^ 
>f yf'xylO > v/^x^Ax^oy h\ rac-^' (p-h 

y/10 ^yvy-b'x {i- (2-^f;H-7x-;Hyf 

x/P) } S^nx^Av^ny h\ rac-v (p-;dd7 
xXHO y'Jl/y-t'X {1- (2-^f/H-7x-;M y 
TX^) > yW^y^nij^ rac-^l^y-b 
X {1- (2-^f/H-7i^Myf-/H } 
Wy?n»J b\ rac-X^y-fX {1- ( 2-* *;l/-4- 
7x-/H yf-/H I y>3-^y?n'J h\ rac- 
SAXf^/i/Si^y-fx {l- (2-^f;H-7x-M 
yf-;H I i^nx^As^ny b\ rac-s^f-zl/X 
^-i/y-t'x {i- (2-^f/H-7x-/Hyf- 

/!/) } yy^^^^n'JK rac-v^^vU l^y 
-b'X <1- (2-^f/H-7x-/Hyf^H > 
-^y7nS h\ rac-i^f-zl^yuy-tX {1- (2 
-^f/H-7x-;Nyf^W > y>3Z^AWf 
/k rac-^XfVl'i/yuy-tX {1- (2-^f/H-7x 
X/M yf^/H } iMox^A^f-rt^oy K N rac- 

^fvi^yu-y-b'x {l- (2^f/H-7x^;H y 

f-/H > ^3-W?n'JHS0 2 Me, rac-i/* 

f/^y>Ji/y-a {1- (2-^f;H-7x-Wyf- 

/10 } ^3-^nyH0S0 2 Me, 
[0 0 99] rac-^^U^UUy-tX {1- (2-xf* 

;H-7x-;H^f^) I x/l/nx^AS^oy 
H> rac-i^f-/l^yuy-b*X {1- (2-xf-/U-4-(a- 

^7f-;u) <f yrx/u) ) y>n-^^nyh\ ra 

z-V*^)Vi/VVV-\L7s {1- (2-X*/U-4-(£-*7<f 

fv^yi^y-b'x {l- (2-xfvu-4-(2-^/U-l-^7 

f7l/) ^f-/H > yW-W^D'JK, rac-v 
*^)VI/WV-\lA {1- (2-Xf-/k-4-(5-r-b^7^ 
/!✓) 4 yf-/H > y;l/3-W^D'J h\ rac-v^< 
f^yyi/y-b'X {1- (2-Xf-;P-4-(9-ry h'J/P) 
>fyf»;H } yw^y';nyh\ rac-^f^ 
y'Jl/y-a {l- (2-xf;H-(^7xtyh'J;I/) 



4 yf-/W I y;^-Wx7nyK s rac-S^^/U 
>-yuy-t*x {1- (2-xf;H-Mf^7x^;W 
>fyrxyU) } y>3-Wy7pyb\ rac->^;I/ 
^yi/y-b'x {1- (2-xf;H-MfyP7x^;W 
^yf-;H } y>3-Wy?ny^ rac-x^f-A- 
S/UUy-trx {1- (2-xf;H-(p^f;l/7x-/H 
^fyf^) } y^-^oy^ rac-^^P 
y'Jl/y-t'X {1- (2-x^;1^4-(2,3-^^;U7xX 
;W) 4 yf^/H } y;^^Ay7nyh\ rac-v* 
f/Py'Jl/y-b'X {1- (2-x^;|^4-(2,4-v^^;I/7 
x-;K >f yf-/H ) y>3-^Ay7ny h\ rac- 
y7f^y»JUy-h'X {1- (2-xf-;P-4-(2,5-^^ 
;l/7xx;l/) A >t~)V) } yW^Ay^o'JH, 
rac- ^> f-Zl/v' U U y- fx { 1- (2-xf*/l/-4-(2, 4 , 6- h 
y^f^7x-;H -Yy-fx/P) ) x/i^rix^A^n 
ij h\ rac-v^^;^'JVy-b'X ll-(2-Xf/H-(o- 
?DD7x-/W 4 y-fxyP) } s/^ax^Ai^py 
b\ rac-^fvl^y Uy-b*X {H2-XfvP-4-(m-? 
no7xx;l/) -f yf-/M ) y>3-^Ay;oy 
h\ rac-^^/!^y ky-b'X {l-(2-xf~;U-4-(p-? 
DD7x-/H ^fyf^H > y;l/3-^Ay7ny 
h\ rac-i/X+fri/V Vy-b'X il-(2-xf ;H-(2,3- 
y';nn7x-;H ^fyr-;u) ) y;^-Wy7n 
»J h\ rac-^^i/yi^y-b'X {l-(2-x^/U-4-(2, 
6-y?no7x^) >f yrx/U) > *JA,a—*?J**J9 
u y h\ rac- >v< y'JI/y- b'X { 1- (2-xf-;I/-4- 
(3,5-y?PD7x-/l/) ^yf-/H I x>3Xt>A 
P »J h\ rac-i/^ y P y-b'X { l-(2-xf*;P 
-4-(2-/nt7x^l/) yrx;U) } y/^-»)Ay 
?p'Jh\ rac-v^^^yi^y-b'X (H2-xf-/P-4 
-(3-^7x^1 -fyrx;u) } itiVa-*>J**J9 
n'JH, rac-x^/l^y W y-b'X (l-(2-xf;H- 
(4-7"n^7xx;|/) 4 yrxyP) ( ^3Z»)A^ 
ay b\ rac-^^S/«J Wy-b'X {l-(2-x^;P-4- 
(4-b'7xxy;p) ^fyf^K > y/^-^Ay?a 
y h\ rac- v^l/x'jU y-b'X {l-(2-Xf-/P-4-(4- 
by^f^y'J;^7xx;W A yf-/H } xVl^rjx^ 
A^ny h\ rac-x^^/U^y l^y-fX (l-(2-n-7* 
ne;H-7x-;Myf-^) I ^nx^jui/^n 
'JK, rac-^^Uxyixy-b'X {l-(2-n-7°nb , ;l^-4 
-(a-^7^;l/) ^f-^') > yW^Ay7oy 
h\ rac-^^^yi^y-b'X {l-(2-n-7 e Pbr;P-4- 
(y3-^7^/l/) >fyrX/P) } yW^Ay^P'J 
K, rac-if*+>UisV Uy-b'X < l-(2-n-7 B Ob/l/-4- 

(2-^^-i-^7f-^) >fyf«/H I 'Jfva-^^j 

?0'Jh\ rac-x^^xy l^y-b'X {l-(2-n-7 # Of 
;U-4-(5-T*b^7f-/U) ^f-/K ) y>3ZT)Ay 
^nyh\ rac-^^i^y Uy-b'X {l-(2-n-7°Of 
/U-4-(9-ryhy^) >f y-fx/U) } y>3->)Ay7 
nyh\ rac-y^^vyi-y-b'X {l-(2-n-rDbVl/ 
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?P'J h\ rac-v^/U^y U'y-b** {l-(2-i-7°Pb° 

K , rac-^* U U y- \lX { 1- (2-i-7°P bVl/-4- 

h\ rac-^^/W^Ul^y-t^ <l-(2-i-rntr;P-4- 
(0-^7^) A Vr-)V) ) y>3Z»)Ay7ny 
h\ rac-5/yf-;P5/UUy-tr^ < l-(2-i-Tnf;i/-4- 

?niJb\ rac-j^f^S/UUy-t'X {l-(2-i-7°Pb 

;n»J h\ rac-S^fvl^y Uy-t'X {l-(2-i-7°Pb° 
/H-imh'J/H -fyr-/!*-) } is/Vz*-*?J>*J9 
oy h\ rac-^^x'Jlxy-t'^ {l-(2-i-TnbVl^ 

-4-7x^/M yf^) } ^Z^A^D'JK r 
ac- ^ f-/P y'Jl/> b'X { 1- (2-s- 7*)V-i- ( a 7 
*7P) yf^I/ ) } x>3-^Av?pyi-\ rac-v 
^ ^ ;l/ */VUy- b'* { 1- (2-s- 7 ^/P-4- 
}V) 4Vt-)V) } ^;l/3-^A^?Q'Jh\ rac-x> 

f-z^y uy-b'x {l-(2^-7>/l^4-(2-;<?7l<~l-^ 
y^jv) ^yf-;H I y>3-Wy?n>JK rac- 

y^WJl/y-t'X {l-(2-s-7 r ^-4-(5-T-fe^7 
^f-/V) } y'W-W^D'J V\ rac-x 
^f/Py'Jl/y-t'X (l-(2-s-/f;H-(9-7>'h , J 
IV) 4>t~jV) } itjVa-*7J*iS?nV rac-x* 

^/i^ y y- { l- (2^s- 7>/k-4- (9- 7 x *y h y 

)V) A >t~!V) } i?)VO-*7J±i?9uyY, rac-xV 
^/i^y i^y-b'x {i-(2-n-^yf-;u-4-7x^;M y 
r-;P) I yW^Ay?n>J h\ rac-iS*+>VifV 
W-t'X {l-(2-n-^y^-4-(a-^7^i/) >f yf 
-/I,) ( y'W-^A^n'J h\ rac-^^^yi/ 

y-b*x (i-(2n-yf;N-7x-/Wyf-iH } ^ 
rtO-^Aj^oU rac-S/^^S/UUy-t*^ {1 
-(2-n-y^;I/-4-(a-^7f-/l^) AVf—fV) } x>3 
~^Ax?oyK. rac-v^f^xyi^y-b** {l-(2- 
n-7^-4-(£-^7*/l/) 4 yf^) } S^l/HX^ 
A^ayK, rac-i/XfVl^yuy-b'* <l-(2-n-7' 
+)V-A-(2-*1*)V-\-1-7+)V) 4 >r-)V) } i?)Va 
^A^n'JK, rac-i^fvl^yu-y-b** {l-(2- 
n-7 , f-;u-4-(5-r-fe^7^;u) 4 yf-/W } 
Wy?n'Jh\ rac-^^/l^yuy-b'* {l-(2-n- 
7+iV-A-(9-T>hVJU) A yf^H > 
y^n'JH, rac-S^f^y VV-MX {l-(2-n-7'f- 

;H-(9-7xfyhU^) ^yf-/H ) ^»a-T}A 

y^D'J h\ rac-^^/U^y l/y-b'X {l-(2-i-7 r ^ 
h\ rac-i^f-zl^y l/y-b'X { l-(2-i-7>;P-4-(a 



ac-S/^/Uvy l/y-t'^ {l-(2-i-7 r ^;U-4-(/9-t > 7 
f-;l/) >fyf-/H I y>3-»)Ay?n'J h\ rac-v 
^f-zl^y i^y-b'x {l-(2-i-7>rt-4-(2-.Xf-;l/-l- 

^7^) Ay*r—)V) } y>3-Wy7n'Jb\ ra 
c-y7f^y'JI/y-t'X {l-(2-i-7f7l'-4-<5-7*'J- 
7^yp) >f yf-zP) > $^r7-^As;?ny h\ rac- 
y**tv*/ y i/y-trx { i-(2-i-7 > f-;i/-4-(9-ry h y 

/!✓) >(yfr.;|/) > x/Pn-^A^ny b\ rac-S^ 

f-^s/y i/y-tx { i-(2-i-/f;H-(9-7xty h y 

;U) 4yf-/p) ) y'/^Wy^oiJH, rac-^ 
*)VisVV>-\zA {l-(2-*^yf-;P-4-7x^/M 
yf^) > y>3-Wy7niJF, rac-^fvl/v 
yi^y-bx {l-(2-**^y^-4-(a-^7^) 4 
yf-/W I y;^-Wy^nyh\ rac->^;l^ 
y Uy-b'X {l-(2-n-^y/H-7x-;H yf- 
;k) } y^a-^A^py h\ rac-^^I/^y^y 
-b'X {l-(2-n-^^;P-4-(a-^7f-;l/) yf- 
;P) } ^n:^Ay?oyh\ rac-^^;U7x^^ 

yi^y-bx (i-(2-xf;H-7x-;i/^f yf-;H > 

y%a^Ay?nU h\ rac-^^;l/7x~/l/i/y 
-b'X {l-(2-x^;U-4-(a-^7f-;l/) >fyr-;W) > 
y'^-^Ay?niJ h\ rac-^f-A^x-Zl/xy 1/y 
-b"^ (l-(2-x^;l/-4-(9-Tyby;U) AVf-)V) > 
yw-i>A5;;n»jl«, rac-^^7x-;^yuy 
-b'x {i-(2-x^-4-(9-7x^yhy;i^) ^fyr- 

} y^3ZWi/7n'J h\ rac-y7x-;py'Jl/ 

y-bx (i-(2-xf/H-7x-/Myf^) > y> 

3-^y?nyh' N rac-^7x-;^y^y-b'X {1 
- ( 2-xf*/l/-4- ( a 7 ) >fyf-/H } i/>r7- 
i>A5/?ayh\ rac-^7xx;l/yy l/y-b'X {l-(2- 
xf-/l^4-(9-ryhy/l^) -fyrxy^) > itjVa-VJ* 

y^nyh\ rac-y'7x^yy py-b'x {i-(2-xf* 
/H-(9-7xfyhy;H A >t-}1) ) i?)Va~*?& 
y^pyF, rac->?7xX^^y Uy-b*^ {l-(2-Xf- 
;i^-4-(4-b*7x^y;U) AVr^V) > l/)V^-*)J*V 
^pyh\ rac-^f-Py-b*^ (l-(2-xf;H-7x- 
Myf-/H > y>3^Ay7D'Jb\ rac->^W 

y-b'x {i-(2-x^-4-(«-^7^;U) A yf- 
} i/>3-W^oyH, rac-Xf-l^y-b'X {1 

■(2-xf/H-7x-;Myf-/W } ^/i^-ryAs; 

^pyh\ rac-x^-l/y-b'^ (l-(2-x^/U-4-(a-^ 
7^) yf^H > Wy?ny h\ rac- 

X^Uy-VA (l-(2-n-rnt/H-(a-t7f/l/) -f 
yf-;H } yw^A^ny^ rac-y>f-;^ 
y|/57U-b'x ll-(2-xf;H-7x-;H >t-)V) } 
y>3^Ay7ny h\ rac-x^f-^y^S/U-b'X 
{l-(2-xf-;p-4-(a-^7^/U) >fyr^;U) ) 5/*/Pa 
xWy';oy h\ rac-^f-;uy;US;P-b^ {l-(2- 
n-7*Ot/H-7x^MyT-/H } ^n-^Ax 
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[0104] 3«4>» M 1 tfEHflaSf54|£oa#&m&? 
>\7 %&L<\ti;)Vzi-*7J±X'hh. R 

K*SffiR# 1-20 <9#Ht**3L jWRISfflRfl* 1 ~ 

a, 4 yyfrss, *m&? 

ttdi^nyymTZTfil. Attftlcii. frieR 16 ~R 

[0 10 5] Zixl>cr>5lbR*m, H»KflBo6»l-2 

*7k To E;l^|ft*ffflRA« 1 - 3 «0*fc**Sf * 

[0106] R 82 fct *«R : F4fcJ4IK*S ; F»* t 1 - 
2 0 «03Mfc**£f * S.ItfrlfS L< . 1* toJcSffi^ 

~ 3 tf> jftfb**af * c t u > . 
[0 107] R 88 £<i:t/R 84 {i. 5v>tcR— f fcJWro 
T WC t> J: < , ftaSBfflR** 1 - 2 0 <07/P*/HS*w 
U flttWtttXfVk x?-/k n-TDt/K 4 77*0 
tf/k n-7>;k 4 V7*f-/k sec-7>/k tert-7*f- 
/k n-^yfvk ^jJ-^yf-Zk n-'s^fi-'/k y^D\ 
*i//k Jf?f7k /-/k Hfy;k T'fn^K V 

KH-f t>R*->f v^TfcJ:<. KTE-lRrt (IH-3) 

[0109] Y 1 «u WE-aW (IH-3) fc*J»t«. 
Y» fcHtfft*. WTtLhEHR* (III-5) f«S 
<x4a»A«Mk^«JOftflsW'Sr«!S5?r. rac-i^f-/!/ 
i/'Jl/y-a {1- (2.7-y7f/H-ifMyf- 
/!/) > x/W-^Ai/'^niJ h\ reLC-iStJ-lUisVUy 
-t'x {1- (2,7-i*X*AH-n-7*olf/M yr->l>) I 
i^a-^As^DU b\ rac-^^Px'JUy-h'X 

{ 1- ( 2, l-x/* f-/P-4-i-7*D fcf/M yf-^ ) ) >-VP 



(1985), 3563~67!\ a-D^-^ajll&HWO.m 
762^^i»»j3 J: l^JtWfclp t TWet S C t *»f 5 

[0 1 02] ate. — < 1 1 1—5 > ?&ZtlZ>M%Hk 

[01033 
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■■• (HI-5) 
R" 

3i">A^n»JK, rac-i>*^/^Dl^y-t*X {1- 
(2,7-v\X?-/l/-4-n-7*f-/l/>f y-fx/P) } VA>-a=Sj 
Aj/?D'J h\ rac-v><f-/^'JL/y-t'X {1- (2,7- 
:^*/t/-4-sec-7>/W >T-/k I 
?n'J k rac-^^/W^Uky-t'X {1- (2,7-^ 
f-/P-4-t-Tf-/l//f yf-)U) I iM-a-^Ai^oD 
H, rac-s^Xf^'Jl/V-t*.* {1- (2,7-^f-/l~4- 
it-^yf/Hyf^H > y/l/3Z>?Ay7n'JK, ra 
c-i^f-A^Ul/y-t'X {1- (2.7-^^/^-4-11-^^ 

WJl/y-t'^ {1- (2,7-^f-/l/-4-i/^o's^v 
/Myr-/W) ) y';Wr.-)Ay7n'JK, rac-i^f- 
)Vi/*)l<y-\ZX {1- {2,l-i?*+1\r+-*+lVl/9u»s 
^^yf-*) ) y/pa-^A^D!) K. rac-y 
^f-Zl/i/'J l/>--t'X {1- (2,7-^fiH-7x-;H 
f;Myf-/H } yW-W^nDK, rac-i/V 
f-A^Ul/V-t* (1- (2,7-yVf/M-7x-;l'y7 
nu;*f-/M>'T-./k > »3aWy?niJH, ra 
c-y7f;l/y'Jl/y-t'X {1- (2,7-i/7f/M-?OD 
^fMyf-*) ) i/W^Ay7o'J k rac->* 
>f-/Pv-l/Vy-h'X {1- (2,7->'*^f-/l~4-h , J^f-/W 
iyU/M^/kf Vt-ZW I y^-W^D'JK, 
rac-^^/Pv'JUy-t*^ (1- (2,7-v^f-/t~4-hD 
t+lVisV^i/X+M yT-)V) ) -J)Vn=.^^J'p 
niJF, rac-i/'Xf-n/i/'JUy-t'X {1- (2,7-v^f- 
/M-i-7ntr/l//f yf-/l/) I yW-^Ay^D'J 
H. rac-v-' (i-rnt/U) >-'Jl/y-t'X {1- (2,7-v 
>f/H-i-7 , nf/P'(yf-;H I ^^-^Ay? 
DiJ H, rac-i/' (n-V^-lV) isVUy-t'Z (1- (2,7- 
x^^/k-4-i-rotf/M yf'x;P) } ylWi»)Ay 
^O'JF. rac-i^' (y?D^y;H j/'Jl/V-h'X {1 
-(2,7-y7f/M-i-7nWyf-/H I x/P3- 
^jUi/'^n'J F s rac-^f-/l/7x-/UxUL/y-t'X {1 

- (2,7-y^f;M-i-7Dh-;K yf-/H ) 
Wj/?D() K s rac-^^^x-ZUi/Ul/y-t'X (1 

- (2.7-^-f-/l/-4-t-T-f-/M>-T-/l') ) i/'/Wa^.^ 



(18) 



mm^-i 1-80224 



A^niiH, rac- $/ 7 * x /!✓ 5/ y U y- tf * {1- (2,7 

O'J h\ rac-x7xX7!^y l^y-b'X {1- (2,7-^ 
^/^-i-rnbVMyf-^I/) } x/l/nx^Av^u 
•J h\ rac-y7x^y'Jl/y-t'X {1- (2,7-v^ 
;U-4-x^;l/^yr-^) } yW^y^n'J t>\ r 
ac-x (p-HJ7U) i/yi/y-b'* {l- (2,7-v^;L-4 
-i-7°ub7M >t-)V) ) it)Va-^Msi/9uVY. r 
ac-v (p-;OD7i-;H x'Jl/y-t'X {1- (2,7-iy 

O'J h\ rac-^^U^Ul/y-t'X {1- (2-^^-4- 
i-7°ob7k7-xfvM yf";i/) } x/unx^Av'y 
u$h\ rac-i^f-zl^y i^y-b^ {1- (2,3,7- bU 

h\ rac-^^/l/S/UUy-t'X {1- (2,3,7- h U^f- 
/M-n-rnt;Myf-/H > ^Unx^AS^ny 
b\ rac-^^xUlxy-b'X {1- (2,3,7- h U^f- 
;W4-i-7'ntVHyf-/W ) y>3-Wy7n'J 
h\ rac-^f-;I/^UUy-b"X {1- (2,3,7- hV* + 

h\ rac-^XfvI/^y UV-b'X {1- (2,3,7- b 'J^f- 
;l/-4-sec-7**f-;M yf^/H } ^l/nx^AS^ny 
h\ rac-^f-;k>yUy-b*X {1- (2,3,7- h 
;M-t-7"f;Hyf-;!/) } i^3x^Ai/?ay 
b\ rac-^^xUl/y-b'X {1- (2,3,7-hU^f- 
/H-nAyfyHyf^> } SyVUnx^jU^uy 
b\ rac-^fv^Ul/y-b'X {1- (2,3,7- h y ^ 
/H-n^yiHyf-/K I x/I^x^Ai^oy 
h\ rac-5y>^/l^y l^y-b'X {1- (2,3,7-hU^f- 

DU h\ rac-x^fvl^y l^y-b'X {1- (2, 3, 7- by 
^fiWf/l/y^D^y/Nyf^) } Sy>3 
-^jUi/*?o'Jb\ rac-^^i/UUy-b'X {1- 

( 2, 3, 7- h y ^ f^-4- h y * fvi/x y ;m yf 
x/i^) } ^n^^Ax^ay b\ rac-x^/i^y U 
y-b'x {l- (2,3,7-by^^;u-4-hy^^;^p^^ 
yf^JU) } xVkax^Ax?oyb\ rac-x 
X^)VyVVy-\LX {1- (2 ( 3J-bWf/H-7x- 
;HfWyf-iH > i^unx^A^ny h\ rac- 
i^fvi^yixy-b'x {1- (2,3,7-hy^^;l/-4-7x 
-/l/y7na^f;Myf^) } x>r?XT>Ax?n 
y h\ rac-S/^/l/^y l^y-b'X (1- (2,3,7-hy^ 
f/H-^DD^f/H yf-^) > S^nx^Ax? 

oy h\ rac-i^Xf-^iyyixy-b'X {1- (2,3,7-hy 

o'j h\ rac-s; (i-robvp) ^yi^y-bx {i- (2, 

3,7-hy^^;U-4-i-7 8 nbVMyr^) > x/Pr?x 
Wy^P'J H, rac-x (n-7>^) y'Jl/y-t'X {1 
-(2,3J4^f/H-i-7 4 nWyf^) > V)V 



y-b'X (1- (2,3,7-hy^^-4-i-Tne;W yf- 
} S^3X^A;y?oy b\ rac-^/I/7xX/U>/ 
yi^y-b'* {1- (2,3,7-hy < X^-4-i-7°ue;My 
rx/k } ^/l/nx^AS^uy h\ rac-^f;l^7x- 
71/v-yi/y-b'X {1- (2,3,7-hy^^;l^4-t-y^;M 
yf^H } y;^-»)Ay7n'J h\ rac-;y'7xX/l/ 

xyi^y-b'* {1- (2,3,7- hy^^;p-4-t-yf-;M> 

> y/^-r>Ay7u»J h\ rac-y'7x-^y 

yi^y-bx {i- (2,3,7-hy^<^;u-4-i-7 8 nbVMy 

T-/H ) y/^-»)Ay?D'J h\ rac-x7xX/Ui/ 

yi/y-b'x (i- (^sj-hy^f/H-xf/Myf^ 
> x>3x^Ai;?ny h\ rac-x (p-h yno x 

yi^y-b'* (1- (2,3,7-hWf/H-i-7DWy 
f-/H } y>3-^Ay?n'J h\ rac-x <p-?DO 
7x-/K fyyi/y-bx {1- (2,3,7-by;*f-/k4-i- 
Tab'/M^rx/^) > >^:7XT>Ax?uy |^ rac _ 
V*^)VyVVy-\LX {1- (2^^;I/-4-i-7°obVU-7 
-^f/Myf-/H > i^nx^Ai^f-zk rac-x 
^f^xy I'V-bX {1- (2-^^;I/-4-i-7°nbVk-7- 
^f/Myf^/H > ^U3xr>A^/U?uy h\ ra 
c-y^f/l/y'Jl/y-t'X {1- (2-^f-7P-4-i-7°nbVP 

-7-^f;Myf-/P) > y>azr)A-b'x (*?yx 

IVK-TY) , rac-x^f'/U^y l/y-t'X {1- (2-^<^ 
;P-4-i-rnb;P-7-p<^;l/^yTxyl/) } i/;Wr7-^A 
-b*X (p-7x^;l/X;P7>f ^h) . rac-^^P^y 
l^y-b'x {l- (2-^^;l/-3-^f-y^-4-i-7°nbyP-7-^ 
fMyf^/H } yW^Wy^o'J h\ rac-x^< 
^l/xyi/y-bX {1- (2-^f;H,6-y-i-7'ne;l/ 
A yf-/l/ ) } y/^-^y^P'J h\ rac-x^f-;l/ 
xyi^y-bX {1- (2-x^;^-4-i-7°Qb 0 ;^-7-^^;l/ 
>fyf^H > y;l^nx^Ai/^nyh\ rac-xV^ 
y\)Vy-\ZX (1- (2-7xx;^-4-i-7 0 nb 0 ;I/-7-^^ 
;Hyf^/H > Sy;!/3xr>Ai/^py h\ rac-i/^^- 

;l^xy^y-b"x {l- (2-^^yM^T^l/) } Viva 

-^A^^oy h\ rac-X^l/y-b'X {1- (2,4,7-h 
'J^f/Myf-/H > y;^^W^ D ij^ rac - 

^/rph*'jf>t'x {i- (2,4j-b'j^f;Hyf 
[0110] ££±I2tf)J; ^.^b-^+cOi/'/l/r? - 
^fct>T#^o ,IiX^04»T\ 4fitCi-7 e ObVk sec- 

[0111] ^S/I : ? 1 iS:^3W±co^U7 

>f y^M^^^c^. «na-*5S (m-5) xmti 

[0112] ±m<V£o%~Wt^ (II 1-5) t^^tll) 

mz&mitisut. 4 yrymmm^minifmtzt 
umm 1 ?-! - 2 6 8 3 o i^&mztmztix^m 
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act fctfr**. 

[ 0 1 1 3 3 *fc . *»jrcii, ( A ) S^Sft-^H) 
kLTTEHR* (IH-6) i ?ft3*'i*ft61fe*Jli»6 

L 2 M 2 X 2 2 - (III-6) 

[oii4] l 2 ti, nmitntaitmnmttrc'b 

"J. &HM 2 iSttlM McttJR»fiBB«*ft4tT« 
•J. X3 tt. SWcH-rfc Jt&oT wet, J: <, ** 

[0 115] iaiSfc-ftrt <m-6) -c*3*i*fc 
TfEHK^ ( II 1-7) -CH$*lS<(fc£ 

[0 116] 
Ht2 3] 

Z Y 1 

/ / 

Cp — M a 

^•(x j ) 2 ... an-7) 
[ 0 1 1 7 3 M 2 (iHK@UM&a3gftRS? 

•7 JVC* 9. #*L<{±i^3x?ivC*S. Cp(1 

[0 1 18] Zfi. &f!IJS^ 4*<>JH^ it^SMFP 

itf-Si (R 41 2 ) -C <R« t ) -Si ( Ft 
•«,) Si (R«>,) -C (R 41 2 ) C (R«>,> 
-C (R 41 2 ) C (R«i 2 ) C (R« 2 ) -C 
(R«i) =C ( R 41 ) -C (R 41 2 ) Si (R 4l 2 ) 
-Ge (R 4 > 2 ) -ttHThh, 

[0119] y! ii liif, 'j vwt . wmmtt 

42 ) -. -0-. -S-, -P ( R 42 ) -tcZX'bh. 
[0120] ±ieR 4 Mi**S^^7tli2 OfflWC<0# 

n yy-fcrywf ^ no y yftr u -;t^ts j: # c ft 

1~1 0<*)7/^;k «»K : fHR* t 6— 1 OOT 1 ;-^ 
»i> L<teJ)*#JIlW7~ 1 0<0T5;^;l^-C&S 
*\ iftttllt L<{3*ftlXt<!OR 41 fc3 0<I£-e<D 

[0 1 2 1 ] X3 tt. IJE-jRrt < 1 1 1 -6 > *><mtm 

mx-bh. otkjjehr* uii-7) -casitias 

£*fc-&1iKOattSto0l*iS-f. (tert-7*^T5H) 
(fh7>f^9 5 -y?n'^?yI-;H-l,2-I^y 
j/M^j/'/^-^A^D'J F. (tert-7*f-;UTS F) 
( t V y * n 5 - is ? a iy ? y'xx/W) - 1 , 2-x 9 V 



^/Wy^nU F\ U^75 F)(rh5/f- 
r) s - ? y ? i^x. x iV) -1 , 2-x ? v i?<i )V 

?ollh\ (x^T5H)(f-h7>f-;l-»7 5 ->'^a 
^y^>;i;;H->fl/yf^yy'?niJ F, (tert-7 
f-/PT 5 F ) : J*1~>V (fb^f/h^-y^D^ 
?^'l-yH y5yf;>y7niJH, (tert-7*?-;k7 
5K) (x h^f-A'-^-i^a^y^xx 

-tV) y^yy'^-Wy^n'J F, (^y^TS 
F) y7f;k-(ff7^f;l^>? 5 -y?n^y^yi- 
;H y5>f?>y7n'JH, (7x-^7<H) 
i^^u (fh^^f^^s-y^n^y^yiz/l/) 
y^yy/l/n-WyXyy'Ht'. 
[0 12 2] HR* (IV) «K M3 l4JSMa»3~l 2 

m^m^m^x'h*). £*)is£i<iti-?>, viv 

+tt4fctt7x*ytffititf£*U EfflffL* iiS# 
^SM'F-Ms C, N, O. S, J\a-y'y% 

*s^ltv^. ;n^>wL3 x'^ztihRmTii. sv^ 

Nttl^LTV^Effi^dOWfcLTtt, 75/, 75 
K, x;u*>7S H, 5 H. 5 Stcft>mft*tl. 
OX^LX^hWSL^tmt IXit. 7/P3df^. A 

IX^hM&^mi: iXlt. VtX7<y^ 7*X7 
t4 YtakmVfhti. SX'&itbX^&tiUiTcDMt 

%&x\ Bxn^ix^m&TcomtLxii. ta* 
vt>ti. cx-m-&ix^h®tz?nmkixn. n-r 

0 ftfmfhtih . N TIS^ IT E(4^ <0« 
tLTJi. 75 F, 7Syy> ^5^y*-/U, 75r- 
4 5t-F&£*W<o*U 0T»^LTV>4iMa 
^>WtUTtt, 7x7dfv-F, 7;U34f^F, ti)V# 
dfx;l^, ^^fxA. ^rh7;t/3^^i:**W^, P 

x-m&Lx^&mmTnmbixit. 7^71-^ 

X-mix&ltl&nblXlt. tebiimT0)*o%i>v> 
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fcii 2 mx±M^ ixm^izttfxzi. 

(B) >f*yttfc***fctt ( B ' ) 1 3m&& 
( b M *yftfl:***fctt ( b ' ) i 3«Mb^*k L 
t«. ffrte-JE^ ( i -a) x-mztiz 4 

fcliWEHS* (M-a) 1 3»Hfc**0«Wf 

[0123] mox o &-r *y&ito&Mi* i mm, 

X'i Mi 2 WAlM&bitxm^l ZktfXZ. l 3 « 

[oi 24] *wflc«*3j-u7 4 ymsmami* m 
te ( a ) »¥£■££*£ . Me ( b ) a -tvm&fa 
ttdi (b' ) 1 3Wtfc&totfrt>m&L%tihw, m 
fcjstTTie (c ) #*&SMfc**£*tf 
i. 

[0125] (C) WkMLfc&fa 

h. 

[0 126] 

(C-l) -jfc* R». A 1 (OR" ) , H p X, 

*flyk«S**L, XfiMoy'yJFfSr^U m«i0< 
rag3. nJi0^n<3. ptiO^ P <3, qlWgq 
<3<T>WX'h' r ), i^ra+n + p + q = 3tW. ) X 

[0127] (C-2) H&sS M=> A 1 R° 4 

M* (iLi, Na. KfcSU R a liUHMH 1 

*/wk*. 

[0 1 28] (C-3) HS55 R» R" M« 

(St*. R" fcitfR" II, SV^H-TfcJMf-jt^ 

iWt***«:ii*U M* ttMg. ZnifcttCdT* 
I. ) "C«*fii»21fi4fcJ4»tl 2i*&JgcO> ; 7/l/= s E- 

Ml:**. 

[0 12 9] «B(C-1) (cJg-fl>*&7^$x?Aft£ 

©HRst R«. A 1 (OR") 3.. 
(it*. R" tiXVR* it. S^fcR-TiJIfcoTir* 

m(4J(F4U«il. 5^ms:3<7)& 

©HKsS R*u A 1 X 3 . ffl 



®HR5$ R a 0 A 1 H 3 . t 

R a liHaMfflfctfl-l 5. *?j*L<«l~ 
40{MbK*»*ij*U mttff4L<tt2£m<3t k * 

R\ A 1 (OR") „X, 
R* fcitfR" tt, Sv^tH-TfcJWr-jtv^ 

mS3, nliOSn<3, qliO g q< S^SrC* 1 ), 
A>Om+n + q = 3T'W. ) T*3tl**tt7A'S=. 
*7Aft£*. 

[0130] (c-i) 

-< y 7d tr;i^r;w S A, h y-r y y^-;l/T^ 5 

A, hUsec-yf-^T/Ui-^A. h'J tert-T^-A'7 
;P5->>A, t> U 2->< ^-iVy^-lVTlV S A , hl»3- 

;l/S-t^A, h u 3-^ f-;^^f v;ur;u S - A , Ml 
2-xf-;l^\^ x/WT;P 5 -*7 A^r fc' W h »J ^«fi(7;^ 
^r/I^S-^A; h U is? -^A^ri:' 

t;ps-^a ; *m yyf-zur/i'i-^AA^ F^-f h 

^•t'tfO^r^/PT/l-S-^AA^ H5-f K ; hU>f V 
TU^;l/7^ S A^r t'so b 'J 7/l/^-/P7^ 5 

>ui ^-)ai K-/K, y ~?j~)V7>v i^w^f yy 

yxf-;l/7;l^S-^AXhdr^h\ i/'yf-;P7;U5-^ 
A^ h * I/ ^C0^"7^;P7^ 5 A 7^3 ^ 
F ; xf-^/WS-^A-feX^Xh^xK, y^7;p 

= x^A-tx^f y hdf x F&fc* £07;^;U7;psx^a 

■fe^T^a^^H ; R* 2 .5 A l (OR" ) o. 6 

xmtii¥$)mf8.zG?immz7>\sa*yitzti 

3t7;^;P7^Sx>>A ; i/xf-;i/7;u S-^A^ny 
x*y^7;PS x«>A^oy h\ ^x^y^sx 

xf-/i^7;usx>>A-fex^^Dy f, y^-/P7/psxt> 

A-feX^f^oy N\ x-J-;U7/USx«>A-fe^^yD* H 
'5ri:*C07;l'^7^5x^A-feX^A5'f H ; xf-;W7 
;^zWy7nU h\ yDh'/Wy^Sx^Ax^Dy 
yf-;l/7/U5x^AvyDS F^ii'<07/W^;l^7;W 

a-r>AxVN7^f H^rt'<7)SP^W(^Nayyfl:§<t^7 

/PW/l'S-^A ; xlf^S-^At Hy H, 
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U^T/PS-^A^t H 'J K&fc'?)7^*^7^$ -»7 
Avt HU Kfc£*<0«<oa^fc**ft:$*ifc7/l* 
/l^/WSx^A ; x^/kTyPSx^Axb^i^oy 
b\ 7f-;kT;l-Sxr7A7b3rx7ny b\ xf-;U7/W 
5 - b* ^7n 5 V%k'cr>&#mzT)Vn* isft, 
J: iPno y>-ft$ *i£ 7;u*^T;p S x*>a& f 

[0131] *fc(c-i> s-fk^fttttffl-f *c 

fc , fc fc itf KRaFFfcrt LT 2 m&TlV 5 - 

(C 2 H 6 ) 2 A 1 N (C 2 H 5 ) A 1 (C, H 6 ) , 

[0132] huIB(C-2) HzWfthik&toh LXlis 
LiAl (C, H 5 ) 4 

LiAl (C 7 H 16 ) 4 ZZZWf&Zbtf-CZl. 
[0133] ftt&Bft&ft (C ) LT 

W> -ft* 

(i-C 4 H,),A1, (C B H, 0 ) , 

[ o 1 3 4 j § hizzvmz h . #«&^b£tt ( c ) 

yf-^A, T^yf-^A, ^f;^*-/<)A7oS 
b\ ^f^*yW7DiJK, if^V^y^A 
7o$ b\ x^v;/*v">7A7ny b\ rnt^?/ 
^A/OSF. TotVP-7^v">A^o'J b\ 7 

?-/k?y*i/">A7n$b\ 7>/k?y*s^A:?oy 
b\ i^f-yi/vy+x^A, j/x^v^v^A, 

[0 1 353 SfeS^iRrtTiJff&DSr^S-^^ 

wtr^ 5 a t r^/w-?^ x<7 a t 

[0 1 363 *»«Tffl^**IIASMIS^ft ( C ) t L 

l<, wcx*;i*. -rvrot/tak 4y7>/i** 
*rr +rt> b y-r yyf-;i^s^w 

jffiLK 2fc£JShLT(±7/b$x^A##2L<k 
b yx^kr/bSx^A, b y -f y 7f-/b7;b$x«?A 

[0137] £<aj: 3>S:W8^J»-fk-^{±. 4MHrC*fc 

fcffi4*U7 4yfi£JHM««li. £Kfci6tTTiE 

(D> 7*y-Mmm-£tizttfX'Z&. 

[0 1 38] (D) 7x7-;bt%gtt; 



*fc(D) tt, TE-ftit (V) TflSflSfltelUT* 

s. 

[0 139] 
HC2 4] 

R»» R" 

[0 140]^, &*~R« 8 ttS^fc:R— CfcJWro 
"Ovct>J:<. 7;Mf/b«, 7U 7/b3*x 

s. 7y-ndfv-a, hy7y-;^y;u«, Aimm? 

*fcttAayv»?«rjj*U JMM»(cliXf-/k x^- 
/k Tot/k 7f-/k 'Vfri'/k S'^n'vSfi^k :t 
?f-/k y-/k Hfy/K T^y/K y/btf/bx 
/k 7^vy^;^t'o^SJg^|!t*U-2 0co7;^ 
/bS;7xX/k b'J>k ^f;^i-/K b'Jyf- 
Zb7xX/k If^7x-/K 7"Qt7b7xX,/k t'7 
x-;l-, a-itzitff— f7f*/k _*f-/b-f7^-/k 7 
yb'J/k 7ifyhij/K ^^7i^;k ti/- 
;k 7-fe-f7?-/k 7xtv-/K 7-fe7ybyux 
;k rb^t b*n-t7f-;k >fyrx;K t'7xxy;b 
«r if WiWHK^R** 6 ~ 2 0 0)7 U -;b2 ; * b * 
xb*x, 7n^A yb^v&fcV^Jimtfl 
-~2 0?)7/b:J3fvS ; 7xy=*f>\ ^f^7i;^ 

^'>^7x/dfy. *7b*^fc£<0#8MffiR 
*<6~2 0O7y-o^^; b ^i-^y'j^t' 

<o h y 7 y y ; me fc . ^ n y vac^p 

[0 14 1] ^Wio^mia-ft^ (V) TSI£ix!>7 

)IW&7*;-)V ; 2,6-y^f;l/7x7-^, 2.4-^'-t 
-7f^7x7-/k 2,6->-'-t-7f-;i-7xy-;k 3,5- 
>?-t-7f-;u y x y-;k 2-t-7f-;u-4-^ f;P7i7- 
;k 2-t-7^/1^4,6-^f-;P7 x7-/K 2,6-^7 
7d x y-;P^r i:*<0 isTiV^iVfflSk? 
2, 6- v> ^-/k4-t-7>^7 x y-/k 2, 6- jM-7*^ 
-4-^< f-;P7 x 7 -;k 2,6-i^-t-7^-;k4-xf-;l/7 x 
y-;k 2,6-> ; -t-7f-;l^4-n-7f-^7xy-;k 2- 
(Wf^y;D\Jfi//H -4,6-y7fil/7x7- 
;k 2-^f;H,6-y7-^7x7-/l^, 2,6-vM V7" 

n e;t~4-y f-^7 x y-;w&£ co h y 7;u^;ua^7 

x y-/P ; 2-7x-/U7x y-/k 3-7x^7x7- 

;k 4-7xx/u7xy-;i-^i:c7) ; ey7y--iH^7x 

y-^ ; 2.6->-'7xx;l,7xy-;^t*c0^7y-;Ua 
}ft7 x y-/W ; 2,6-x'y f-/M-7 x x^7 x J-)Vt£ 
b<r> : JT)V^)V^JT^-)VmM7 3.J—1V ; 2,6-i/7 

x -;t-4-y f-;P7 x j-iv^w* y 7;P^;i/^7 y 

-yl-S^7xy-;l- ; 2-t-7^-4-y H^y7x7- 
t'O* y 7/Mr/^ y 7/1^ 3 4f xKJ® 7 x y -;l- ; 
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/^yr/P^df^ffij^T j.J-)V ; 2-7i-/H-> h 

7 x J -iVtt f / 7 ] J -IV*. S7)la* isWfc 
7 3.J—IV ; 2,6-x-h 'J7i x;l^ 'J ^7 x 7 
t'Ov ( I- 'J 7 0 -)V : s V>V ) S$7 x ; 2, 6-v 
- h 'J 7 x y ;U-4-^< ^-/P 7 x / fc'OT /W* 

[0 1 4 23 Ztik^XU. R 4 ' , R 46 i5<J:UfR 4 8(7) 

a 1 1 1 fl^jttxiscHR i~i2 comwmm 
y^y-mmmt. mbX'ttzitinvimsLxm 

\^lZbtfX'*h. 

[0143] *%mz& 4*U7 -f ya^ffllHKi, ± 
teco i 3 4 ( A ) SBttCtfc&ftL ( B M * ytt<fc£ 
MfcB (B" ) 1 3«Ht^ft» ( c ) ^mmfcam 
(D) 7*y-/kiW«MO-gi54fcii^»*TE 

*> j: o zmmzm&iKmtmt ixm-tzz 1 t 

[0 1 4 4] ( E ) Sffr 

( E ) fflftfc LT(i, «18J> I v Mi*«*>fl:£llrca -5 
T, &S*<1 0-300/im, $f£L<li20~200 

Wt=ttSiO,» A 1 2 0 3 . MgO s ZrOj. Ti 
0 2n B 2 0 3 , CaO, ZnO, BaO, Th0 2 ttb' 

*fcttin<9**trfi^Hi. iti:itfSiO,-MgO, 

SiOj-AljOj, SiOj-TiOj, S i 0 2 -V 
2 0 5 , Si0 2 -Cr 2 0 3s S i 0 2 -T i CVMgO&f 
ZMTFrtlZbtfX'Zh. Ztl$><?>$>X'S i 0 2 &£Xf 
A 1 2 0 3 fr&fc*Sto>4>ai«ifc4?$r< 1 *> 1 mcofc 

I 0 1 4 5 ] fcfc. iJffiS«iWl:flHC«i«<ON a 2 C 
0 3n K 2 C0 3 , CaC0 3> MgC0 3 , Na 2 S0 4> 
Al 2 (SO,) 3 . BaSO,, KN0 3 . Mg (N0 3 ) 
2s A 1 (N0 3 ) 3 , Na 2 0, K 2 0. L i t O%b'CD&l 

[0 146] £*>J:3$: (E)fflfWi**>«!(fcJ:tfII 
act "?ttttttj|**a«, *JHUT#* Kffi^ftl. 

ififrtt, Jt^fflm* { 5 0-1 0 0 0m2 /g, ff*L< 
ttl 0 0-7 0 0m2 /gTJ>>9. MTLSBWO. 3- 
2. 5cm3 /gTfcSifcjWHiU*. KffiMi, 
SOEtTl 0 0~1 0 0 0XX IflKlil 5 0~7 

[0 147] S^tc. (E)fflfti:LTtt. ttffi*«10 
~3 0 0^mt'J>l,*lgMb-&ft^lI^ : S:V^t{±liSmi 1 
ttfflftfciWf l Z t WX'Z h . Zti^mt^t LX 

xf-w<>\ roti^y, l-y-r^, 4-^f-^i-^ 

>f-^5rifOft«a[m6 t 2~l 4^a-JTU7 < 



[ 0 1 4 8 ] £kZi_£l±l!Btit 

( a ) asf^B-ffc^Hj. fcJ;^ ( b ) A *>&{t&to 
(ifdi (B* ) l 3^C-&*«J) s «*CJCtT (C) 

*«A«k-&**jj:if/*fett (d) -j^j-ivmm 
fr$>m.ztix\^. 
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(57) Abstract 
[Problem] 

To provide novel olefin polymerization catalyst components, olefin polymerization catalysts that 
contain said catalyst components, and olefin polymerization methods that use said catalysts. 

[Solution] 

Olefin polymerization catalyst component comprising an ionic compound with formula (l-a) or a 
compound with formula (ll-a) 



R u N- 



-Q 



(l-a) 



R° N— HQ (ii-a) 



wherein A + represents a carbonium cation, ammonium cation, etc.; R° represents a divalent 
organic group; and Q is an atom selected from Group 13 of the Periodic Table. 
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(A) Transition metal component 

(Transition metal \ 
compound from \ 
Groups 3-12 of the y 



(B) Organometal component 



A + : carbonium cation, etc. 

Q : Group 13 atom 

R° : divalent organic group 



(C) Third component 



R^-R 48 : alkyl, hydrogen 





olefin 




Carrier 
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Claims 

[Claim 1] Olefin polymerization catalyst component that characteristically comprises an 
ionic compound represented by general formula (l-a) 



(l-a) 



wherein A + represents a cation, Q represents an atom selected from Group 13 of the Periodic 
Table, and R° represents a divalent organic group. 

[Claim 2] The olefin polymerization catalyst component described in claim 1, wherein A + in 
general formula (l-a) is a cation selected from carbonium cations, oxonium cations, ammonium 
cations, phosphonium cations, the cycloheptyltrienyl cation, and transition metal-containing 
ferrocenium cations. 

[Claim 3] The olefin polymerization catalyst component described in claim 1 or 2, wherein 
R° in general formula (l-a) is a group selected from the following set a 

seta R 1 R 1 R 1 R 1 




wherein R to R are independently selected from the hydrogen atom, halogen atoms, C1-20 
hydrocarbyl, C1-20 halogenated hydrocarbyl, oxygen-containing hydrocarbyl, and silicon- 
containing groups, wherein two adjacent groups among the groups represented by R 1 to R 4 
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may be bonded to each other to form, together with the carbon atoms to which they are 
bonded, a ring containing from 4 to 16 carbons. 

[Claim 4] The olefin polymerization catalyst component described in claim 3, wherein the 
ionic compound shown by general formula (l-a) is a compound shown by the following general 
formula (l-b) 



wherein A + has the same meaning as for general formula (l-a); Q is an atom selected from 
Group 13 of the Periodic Table; R 1 and R 4 are independently selected from the hydrogen 
atom, halogen atoms, C1-20 hydrocarbyl, C1-20 halogenated hydrocarbyl, oxygen-containing 
hydrocarbyl, and silicon-containing groups, wherein these groups may be bonded to each 
other to form, together with the carbon atoms to which they are bonded, a ring containing from 
4 to 16 carbons; and R 2 is a group containing an aromatic ring. 

[Claim 5] Olefin polymerization catalyst that is characteristically formed from 

(A) a transition metal compound from Groups 3-12 of the Periodic Table and 

(B) an ionic compound as described in any of claims 1 to 4. 

[Claim 6] Olefin polymerization catalyst that is characteristically formed from 

(A) a transition metal compound from Groups 3-12 of the Periodic Table, 

(B) an ionic compound as described in any of claims 1 to 4, and 

(C) an organometal compound. 

[Claim 7] Olefin polymerization catalyst component that characteristically comprises a 
compound represented by general formula (I l-a) 
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(ll-a) 



wherein Q is an atom selected from Group 13 of the Periodic Table and R° represents a 
divalent organic group. 

[Claim 8] The olefin polymerization catalyst component described in claim 7, wherein R° in 
general formula (ll-a) is a group selected from the set a described in claim 3. 

[Claim 9] The olefin polymerization catalyst component described in claim 8, wherein the 
compound shown by general formula (ll-a) is a compound shown by the following general 
formula (ll-b) 




(ll-b) 



wherein Q is an atom selected from Group 13 of the Periodic Table; R and R are 
independently selected from the hydrogen atom, halogen atoms, C1-20 hydrocarbyl, C1.20 
halogenated hydrocarbyl, oxygen-containing hydrocarbyl, and silicon-containing groups, 
wherein these groups may be bonded to each other to form, together with the carbon atoms to 
which they are bonded, a ring containing from 4 to 16 carbons; and R 2 is a group containing an 
aromatic ring. 

[Claim 10] Olefin polymerization catalyst that is characteristically formed from 
(A) a transition metal compound from Groups 3-12 of the Periodic Table and 
(B') a compound as described in any of claims 7 to 9. 

[Claim 11] Olefin polymerization catalyst that is characteristically formed from 
(A) a transition metal compound from Groups 3-12 of the Periodic Table, 
(B') a compound as described in any of claims 7 to 9, and 
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(C) an organometal compound. 

[Claim 12] Method for olefin polymerization, characterized by 

polymerizing or copolymerizing olefin in the presence of an olefin polymerization catalyst 
as described in any of claims 5 and 6 and claims 1 0 and 1 1 . 



Detailed Description of the Invention 

[0001] 

Technical Field of the Invention 

This invention relates to olefin polymerization catalyst components, olefin polymerization 
catalysts that contain said catalyst components, and methods of olefin polymerization that use 
said .catalysts. 

[0002] 

Technical Background of the Invention 

The catalysts heretofore known for the production of such olefin polymers as ethylene 
polymers, propylene polymers, and ethylene-propylene copolymers include titanium-type 
catalysts comprising a titanium compound and an organoaluminum compound and vanadium- 
type catalysts comprising a vanadium compound and an organoaluminum compound. 

[0003] 

In addition, single-site catalysts, such as metallocene-type catalysts and including 
geometrically constrained catalysts, are known as catalysts that can produce olefin polymers 
at high polymerization activities. It is generally known that high activities are exhibited when 
these catalysts are used in combination with an organoaluminumoxy compound (e.g., 
aluminoxane) or a boron-containing compound (e.g., triphenylcarbenium tetrakis(pentafluoro- 
phenyl)borate). 
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[0004] 

Given these circumstances, the appearance is desired of novel co-catalyst components that 
enable the manifestation of catalytic properties upon co-use with, e.g., metallocene 
compounds. 

[0005] 

Object of the Invention 

The object of this invention is to provide novel olefin polymerization catalyst components, olefin 
polymerization catalysts that contain said catalyst components, and methods of olefin 
polymerization that use said catalysts. 

[0006] 

Summary of the Invention 

An olefin polymerization catalyst component according to this invention characteristically 
comprises an ionic compound represented by general formula (l-a) 

[0007] 




[0008] 

wherein A + represents a cation, Q represents an atom selected from Group 13 of the Periodic 
Table, and R° represents a divalent organic group. 

A + in general formula (l-a) is, for example, a carbonium cation, oxonium cation, ammonium 
cation, phosphonium cation, the cycloheptyltrienyl cation, or a transition metal-containing 
ferrocenium cation. The divalent organic group represented by R° is, for example, a group as 
shown in the following set a. 
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[0009] 

seta R 1 R 1 R 1 R 1 




[0010] 

R 1 to R 4 in the preceding formulas are independently selected from the hydrogen atom, 
halogen atoms, C1-20 hydrocarbyl, C1-20 halogenated hydrocarbyl, oxygen-containing 
hydrocarbyl, and silicon-containing groups, wherein two adjacent groups among the groups 
represented by R 1 to R 4 may be bonded to each other to form, together with the carbon atoms 
to which they are bonded, a ring containing from 4 to 16 carbons. 

The ionic compound with general formula (l-a) of this nature is preferably a compound with the 
following general formula (l-b). 

[0011] 




[0012] 

A + in this formula has the same meaning as for general formula (l-a) above; Q is an atom 
selected from Group 13 of the Periodic Table; R 1 and R 4 are independently selected from the 
hydrogen atom, halogen atoms, C1-20 hydrocarbyl, C1.20 halogenated hydrocarbyl, oxygen- 
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containing hydrocarbyl, and silicon-containing groups, wherein these groups may be bonded to 
each other to form, together with the carbon atoms to which they are bonded, a ring containing 
from 4 to 16 carbons; and R 2 is a group containing an aromatic ring. 

An olefin polymerization catalyst component according to another embodiment of the present 
invention characteristically comprises a compound represented by general formula (ll-a) 
(hereinafter referred to in some cases as the Group 13 compound). 

[0013] 




(ll-a) 



[0014] 

Q in the preceding formula is an atom selected from Group 13 of the Periodic Table and R° 
represents a divalent organic group. 

The divalent organic group represented by R° in general formula (ll-a) is, for example, a group 
as shown in the aforementioned set a. 

[0015] 

The compound shown by general formula (ll-a) is preferably a compound shown by the 
following general formula (ll-b). 

[0016] 




(ll-b) 



[0017] 

Q in this formula is an atom selected from Group 13 of the Periodic Table; R 1 and R 4 are 
independently selected from the hydrogen atom, halogen atoms, C1-20 hydrocarbyl, C1-20 
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halogenated hydrocarbyl, oxygen-containing hydrocarbyl, and silicon-containing groups, 
wherein these groups may be bonded to each other to form, together with the carbon atoms to 
which they are bonded, a ring containing from 4 to 16 carbons; and R 2 is a group containing an 
aromatic ring. 

Olefin polymerization catalyst according to the present invention is characteristically formed 
from (A) a transition metal compound from Groups 3-12 of the Periodic Table, (B) an ionic 
compound as shown by general formula (l-a) or (B') a compound as shown by general formula 
(ll-a), and optionally (C) an organometal compound. 

[0018] 

The olefin polymerization method according to the present invention is characterized by 
polymerizing or copolymerizing olefin in the presence of olefin polymerization catalyst as 
described hereinabove. 

[0019] 

Specific Description of the Invention 

The olefin polymerization catalyst components according to this invention, the olefin 
polymerization catalysts according to this invention, and the olefin polymerization methods 
according to this invention are specifically described below. 

[0020] 

Olefin polymerization catalyst components according to this invention comprise ionic 
compounds with the following general formula (l-a). 

[0021] 




[0022] 

A + in the preceding formula is a cation and specifically represents, for example, a carbonium 
cation, oxonium cation, ammonium cation, phosphonium cation, the cycloheptyltrienyl cation, 
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or a transition metal-containing ferrocenium cation. 
[0023] 

The carbonium cation can be specifically exemplified by trisubstituted carbonium cations such 
as the triphenylcarbonium cation, the tri(methylphenyl)carbonium cation, and the tri(dimethyl- 
phenyl)carbonium cation. 

[0024] 

The aforementioned ammonium cation can be specifically exemplified by trialkylammonium 
cations such as the trimethylammonium cation, triethylammonium cation, tripropylammonium 
cation, tributylammonium cation, and tri(n-buty1)ammonium cation; N,N-dialkylanilinium cations 
such as the N,N-diethylanilinium cation and N,N-2,4,6-pentamethylanilinium cation; and 
dialkylammonium cations such as the di(isopropyl)ammonium cation and dicyclohexyl- 
ammonium cation. 

[0025] 

The aforementioned phosphonium cation can be specifically exemplified by triarylphosphonium 
cations such as the triphenylphosphonium cation, tri(methylphenyl)phosphonium cation, and 
tri(dimethylphenyl)phosphonium cation. 

[0026] 

Q is an atom selected from Group 13 of the Periodic Table and is preferably boron or 
aluminum. R° represents divalent organic groups, for example, divalent organic groups in 
which the main chain is formed of carbon and/or nitrogen atoms and particularly divalent 
organic groups whose main chain contains at least 2 carbon atoms and may contain nitrogen. 

[0027] 

R° is specifically exemplified by the groups shown in the following set a. 
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[0028] 

seta R 1 R 1 R 1 R 1 




[0029] 

R 1 to R 4 in these formulas are independently selected from the hydrogen atom, halogen 
atoms, C1-20 hydrocarbyl, C1-20 halogenated hydrocarbyl, oxygen-containing hydrocarbyl, and 
silicon-containing groups. 

[0030] 

The halogen atoms are exemplified by the fluorine atom, chlorine atom, bromine atom, and 
iodine atom. The C1.20 hydrocarbyl is exemplified by alkyl such as methyl, ethyl, propyl, butyl, 
hexyl, octyl, nonyl, dodecyl, and eicosyl; cycloalkyl such as cyclopentyl, cyclohexyl, norbornyl, 
and adamantyl; and alkenyl such as vinyl, propenyl, and cyclohexenyl. Aromatic ring- 
containing groups encompassed by the hydrocarbyl can be exemplified by C6-20 groups, e.g., 
arylalkyl groups such as benzyl, phenylethyl, and phenylpropyl; aryl groups such as phenyl, 
tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenylyl, naphthyl, 
methylnaphthyl, anthryl, and phenanthryl; and substituted aryl groups such as 
pentafluorobiphenyl and nonafluorophenyl [sic]. 

[0031] 
The 

C1-20 halogenated hydrocarbyl can be exemplified by those groups afforded by the 
substitution of halogen into the hydrocarbyl given above. The oxygen-containing hydrocarbyl 
can be exemplified by alkoxy and alkoxyalkyl, wherein the alkoxy can be specifically 
exemplified by methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, and tert-butoxy and the 
alkoxyalkyl can be specifically exemplified by methoxymethyl and methoxyethyl. 
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[0032] 

The silicon-containing groups can be exemplified by monohydrocarbyl-substituted silyl such as 
methylsilyl and phenylsilyl; dihydrocarbyl-substituted silyl such as dimethylsilyl and 
diphenylsilyl; trihydrocarbyl-substituted silyl such as trimethylsilyl, triethylsilyl, tripropylsilyl, 
tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl, and 
trinaphthylsilyl; the silyl ethers of hydrocarbyl-substituted silyl, such as trimethylsilyl ether; 
silicon-substituted alkyl such as trimethylsilylmethyl; and silicon-substituted aryl such as 
trimethylsilylphenyl. 

[0033] 

Two adjacent groups among the groups represented by R 1 to R 4 may be bonded to each other 
to form, together with the carbon atoms to which they are bonded, a ring containing from 4 to 
16 carbons. Embodiments in which adjacent groups form a ring can be exemplified by groups 
having a naphthyl, indenyl, or fluorenyl skeleton. 

[0034] 

Compounds with general formula (l-b), infra, are preferred for ionic compounds with general 
formula (l-a). 

[0035] 




[0036] 

A + and Q in the preceding formula are defined as for general formula (l-a), while R 1 and R 4 are 
independently selected from the hydrogen atom, halogen atoms, C1-20 hydrocarbyl, C1.20 
halogenated hydrocarbyl, oxygen-containing hydrocarbyl, and silicon-containing groups and 
can be specifically exemplified by the same atoms and groups already provided above. 

[0037] 

In addition, R 1 and R 4 may be bonded to each other to form, together with the carbon atoms to 
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which they are bonded, a ring containing from 4 to 16 carbons. Groups having a naphthyl, 
indenyl, or fluorenyl skeleton are examples of the embodiment in which a ring is formed. 

[0038] 

R 2 represents an aromatic ring-containing group and is specifically exemplified by the C6-20 
groups already provided hereinabove. The anions provided below are examples of the anion 
moiety of the ionic compound with general formula (l-a). 

[0039] 
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[0040] 




[0041] 

The preceding are examples of boron compound anions, but other examples are those anions 
afforded by replacing the boron in the preceding anions with aluminum. The ionic compound 
as described hereinabove can be used as an olefin polymerization catalyst component and 
exhibits olefin polymerization activity when combined with a transition metal compound, vide 
infra. Among the ionic compounds under consideration, compounds with general formula (l-b) 
are preferred for the high olefin polymerization activity they afford when used in combination 
with the transition metal compound. 

[0042] 

Compounds (Group 13 compounds) with general formula (ll-a) are another embodiment of 
olefin polymerization catalyst components according to the present invention. 
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[0043] 




(H-3) 



[0044] 

Q in this formula is an atom selected from Group 13 of the Periodic Table and is preferably 
boron or aluminum. R° represents divalent organic groups, for example, divalent organic 
groups in which the main chain is formed of carbon and/or nitrogen atoms and particularly 
divalent organic groups whose main chain contains at least 2 carbon atoms and may contain 
nitrogen. R° is specifically exemplified by the groups shown in set a, supra. 

[0045] 

Compounds represented by general formula (ll-b) are preferred for compounds with general 
formula (ll-a). 

[0046] 




(ll-b) 



[0047] 

Q in the preceding formula is defined as for general formula (ll-a), while R 1 and R 4 are 
independently selected from the hydrogen atom, halogen atoms, C1-20 hydrocarbyl, C1-20 
halogenated hydrocarbyl, oxygen-containing hydrocarbyl, and silicon-containing groups and 
can be specifically exemplified by the same atoms and groups already provided above. 

[0048] 

In addition, R 1 and R 4 may be bonded to each other to form, together with the carbon atoms to 
which they are bonded, a ring containing from 4 to 16 carbons. Groups having a naphthyl, 
indenyl, or fluorenyl skeleton are examples of the embodiment in which a ring is formed. 
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[0049] 

R 2 represents aromatic ring-containing groups and is specifically exemplified by the same 
groups as already provided above. The following compounds are examples of this Group 13 
compound with general formula (ll-a). 

[0050] 
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[0051] 




[0052] 

The preceding are examples of boron compounds, but other examples are those compounds 
afforded by replacing the boron in the preceding compounds with aluminum. The Group 13 
compound as described hereinabove can be used as an olefin polymerization catalyst 
component and exhibits olefin polymerization activity when combined with a transition metal 
compound, vide infra. Among the Group 13 compounds under consideration, compounds with 
general formula (ll-b) are preferred for the high olefin polymerization activity they afford when 
used in combination with the transition metal compound. 

[0053] 

Olefin polymerization catalysts that use a hereinabove-described ionic compound or Group 13 
compound as a catalyst component are described below, as are olefin polymerization methods 
that use said catalysts. Olefin polymerization catalyst according to the present invention is 
characteristically formed from (A) a transition metal compound from Groups 3-12 of the 
Periodic Table, (B) an ionic compound as shown by general formula (l-a) or (B') a Group 13 
compound as shown by general formula (ll-a), and optionally (C) an organometal compound. 
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[0054] 

Each component forming the inventive olefin polymerization catalyst will first be described in 
specific detail. 

(A) The transition metal compound from Groups 3-12 of the Periodic Table 

This transition metal compound (A) can be exemplified by compounds with the following 
general formulas (111-1) and (IV). 

[0055] 

M 1 L 1 x (MM) 

M 1 in the preceding formula represents a transition metal atom from Group 4 of the Periodic 
Table and L 1 represents the ligands coordinated to the transition metal atom M 1 , wherein at 
least one ligand L 1 is ligand having a cyclopentadienyl skeleton (hereinafter referred to as Cpd 
skeleton ligand). The L 1 other than Cpd skeleton ligand is C1-20 hydrocarbyl, C1-20 
halogenated hydrocarbyl, an oxygen-containing group, a sulfur-containing group, a silicon- 
containing group, a halogen atom, or the hydrogen atom, x is the atomic valence of the 
transition metal atom M 1 . 

M 3 L 3 X (IV) 

M 3 in the preceding formula represents a transition metal atom from Groups 3-12 of the 
Periodic Table, while L 3 represents anionic or neutral ligands — other than Cpd skeleton ligand 
— coordinated to the transition metal atom M 3 The ligand L 3 is bonded in a form with a 
neutral or anionic charge state to the transition metal atom M 3 through, for example, an atom 
such as B, C, N, O, P, S, or halogen, x is the atomic valence of the transition metal atom M 3 . 

M 1 in general formula (MM), which represents a transition metal atom from Group 4 of the 
Periodic Table, can be specifically exemplified by zirconium, titanium, and hafnium wherein 
zirconium is preferred. 

[0056] 

x denotes the atomic valence of the transition metal atom M 1 and represents the number of 
ligands L 1 that are coordinated to the transition metal atom M 1 . L 1 represents the ligands 
coordinated to the transition metal atom M 1 t wherein at least one ligand L 1 is Cpd skeleton 
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ligand. The L 1 other than Cpd skeleton ligand may be C1-20 hydrocarbyl, C1-20 halogenated 
hydrocarbyl, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, 
a halogen atom, or the hydrogen atom. 

[0057] 

The Cpd skeleton ligand can be exemplified by the cyclopentadienyl group; alkyl-substituted 
cyclopentadienyl groups such as methylcyclopentadienyl, dimethylcyclopentadienyl, trimethyl- 
cyclopentadienyl, tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, ethylcyclopenta- 
dienyl, methylethylcyclopentadienyl, propylcyclopentadienyl, methylpropylcyclopentadienyl, 
butylcyclopentadienyl, methylbutylcyclopentadienyl, and hexylcyclopentadienyl; and by the 
indenyl group, 4,5,6,7-tetrahydroindenyl group, and fluorenyl group. These groups may be 
substituted, for example, by C1.20 (halogenated) hydrocarbyl, oxygen-containing groups, sulfur- 
containing groups, silicon-containing groups, and halogen atoms. 

[0058] 

When a compound with general formula (111-1) contains two or more Cpd skeleton ligands, two 
of these Cpd skeleton ligands may be connected to each other through a divalent bridging 
group such as, for example, an optionally substituted alkylene group or an optionally 
substituted silylene group. Transition metal compounds with general formula (III-3), infra, are 
examples of such transition metal compounds in which two Cpd skeleton ligands are 
connected to each other through a divalent bridging group. 

[0059] 

The ligands L 1 other than Cpd skeleton ligands are specifically exemplified as follows. The 
C1-20 hydrocarbyl can be, for example, alkyl, cycloalkyl, alkenyl, arylalkyl, or aryl. More 
specifically, the alkyl can be exemplified by methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, 
dodecyl, and eicosyl; the cycloalkyl can be exemplified by cyclopentyl, cyclohexyl, norbornyl, 
and adamantyl; the alkenyl can be exemplified by vinyl, propenyl, and cyclohexenyl; the 
arylalkyl can be exemplified by benzyl, phenylethyl, and phenylpropyl; and the aryl can be 
exemplified by phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, 
biphenylyl, naphthyl, methylnaphthyl, anthryl, and phenanthryl. 

[0060] 

The C1-20 halogenated hydrocarbyl can be exemplified by groups afforded by the substitution 
of halogen into the aforementioned C1.20 hydrocarbyl. The oxygen-containing groups can be 
exemplified by the hydroxyl group; alkoxy groups such as methoxy, ethoxy, propoxy, and 
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butoxy; aryloxy groups such as phenoxy, methylphenoxy, dimethylphenoxy, and naphthoxy; 
and arylalkoxy groups such as phenylmethoxy and phenylethoxy. 

[0061] 

The sulfur-containing groups can be exemplified by substituents afforded by substituting sulfur 
for the oxygen in the aforementioned oxygen-containing groups, and also by sulfonates such 
as methylsulfonate, trifluoromethanesulfonate, phenylsulfonate, benzylsulfonate, p-toluene- 
sulfonate, trimethylbenzenesulfonate, triisobutylbenzenesulfonate, p-chlorobenzenesulfonate, 
and pentafluorobenzenesulfonate; and sulfinates such as methylsulfinate, phenylsulfinate, 
benzenesulfinate, p-toluenesulfinate, trimethylbenzenesulfinate, and pentafluorobenzene- 
sulfinate. 

[0062] 

The silicon-containing groups can be exemplified by monohydrocarbyl-substituted silyl such as 
methylsilyl and phenylsilyl; dihydrocarbyl-substituted silyl such as dimethylsilyl and 
diphenylsilyl; trihydrocarbyl-substituted silyl such as trimethylsilyl, triethylsilyl, tripropylsilyl, 
tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl, and 
trinaphthylsilyl; the silyl ethers of hydrocarbyl-substituted silyl, such as trimethylsilyl ether; 
silicon-substituted alkyl such as trimethylsilylmethyl; and silicon-substituted aryl such as 
trimethylsilylphenyl. 

[0063] 

The halogen atom can be exemplified by the fluorine atom, chlorine atom, bromine atom, and 
iodine atom. When, for example, the transition metal has an atomic valence of 4, the transition 
metal compound under consideration can be more specifically represented by the following 
general formula (III-2). 

[0064] 

R 11 R 12 R 13 R 14 M 1 (|||2) 

M 1 in the preceding formula represents, as above, a transition metal atom selected from Group 
4 of the Periodic Table and is preferably the zirconium atom. 

[0065] 

R 11 represents a group (ligand) having the cyclopentadienyl skeleton (hereafter referred to as 
a cyclopentadienyl skeleton group (ligand)), while R 12 , R 13 , and R 14 are independently 
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selected from cyclopentadienyl skeleton groups (ligands), C1.20 (halogenated) hydrocarbyl, 
oxygen-containing groups, sulfur-containing groups, silicon-containing groups, halogen atoms, 
and the hydrogen atom. 

[0066] 

A compound in which at least one of R 12 , R 13 , and R 14 is a cyclopentadienyl skeleton group 
(ligand), for example, a compound in which R 11 and R 12 are cyclopentadienyl skeleton groups 
(ligands), is preferably used in this invention for the transition metal compound (III-2). In 
addition, when R 11 and R 12 are cyclopentadienyl skeleton groups (ligands), R 13 and R 14 are 
preferably a Cpd skeleton group, alkyl, cycloalkyl, alkenyl, arylalkyl, aryl, alkoxy, aryloxy, 
trialkylsilyl, a sulfonate group, halogen, or the hydrogen atom. 

[0067] 

Transition metal compounds (111-1) in which M 1 = zirconium can be exemplified by the following 
specific compounds: 

bis(cyclopentadienyl)zirconium monochloride monohydride, 

bis(cyclopentadienyl)zirconium dichloride, 

bis(cyclopentadienyl)zirconium dibromide, 

bis(cyclopentadienyl)methylzirconium monochloride, 

bis(cyclopentadienyl)zirconium phenoxymonochloride, 

bis(methylcyclopentadienyl)zirconium dichloride, 

bis(ethylcyclopentadienyl)zirconium dichloride, 

bis(propylcyclopentadienyl)zirconium dichloride, 

bis(butylcyclopentadienyl)zirconium dichloride, 

bis(hexylcyclopentadienyl)zirconium dichloride, 

bis(octylcyclopentadienyl)zirconium dichloride, 

bis(indenyl)zirconium dichloride, 

bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

bis(indenyl)zirconium dibromide, 

bis(cyclopentadienyl)dimethylzirconium, 

bis(cyclopentadienyl)zirconium methoxychloride, 

bis(cyclopentadienyl)zirconium ethoxychloride, 

bis(fluorenyl)zirconium dichloride, 

bis(cyclopentadienyl)zirconium bis(methanesulfonate), 

bis(cyclopentadienyl)zirconium bis(p-toluenesulfonate), 

bis(cyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
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bis(methylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
bis(ethylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
bis(propylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
bis(butylcyclopentadienyI)zirconium bis(trifluoromethanesulfonate), 
bis(hexylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
bis(dimethylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
bis(methylethylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
bis(methylpropylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
bis(methylbutylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 
bis(dimethylcyclopentadienyl)zirconium dichloride, 
bis(methylpropylcyclopentadienyl)zirconium dichloride, 
bis(methylbutylcyclopentadienyl)zirconium dichloride, 
bis(methylhexylcyclopentadienyl)zirconium dichloride, 
bis(ethylbutylcyclopentadienyl)zirconium dichloride, 
bis(trimethylcyclopentadienyl)zirconium dichloride, 
bis(tetramethylcyclopentadienyl)zirconium dichloride, 
bis(pentamethylcyclopentadienyl)zirconium dichloride, 
bis(methylbenzylcyclopentadienyl)zirconium dichloride, 
bis(ethylhexylcyclopentadienyl)zirconium dichloride, 
bis(methylcyclohexylcyclopentadienyl)zirconium dichloride, 
bis(cyclopentadienyl)ethylzirconium monochloride, 
bis(cyclopentadienyl)cyclohexylzirconium monochloride, 
bis(cyclopentadienyl)phenylzirconium monochloride, 
bis(cyclopentadienyl)benzylzirconium monochloride, 
bis(cyclopentadienyl)methylzirconium monohydride, 
bis(cyclopentadienyl)diphenylzirconium, 
bis(cyclopentadienyl)dibenzylzirconium, 
bis(indenyl)zirconium bis(p-toluenesulfonate), 
bis(dimethylcyclopentadienyl)zirconium ethoxychloride, 
bis(methylethylcyclopentadienyl)zirconium dichloride, 
bis(propylcyclopentadienyl)zirconium dichloride, 
bis(methylbutylcyclopentadienyl)zirconium bis(methanesulfonate), and 
bis(trimethylsilylcyclopentadienyl)zirconium dichloride. 

[0068] 

In the preceding examples, the substitution pattern for the disubstituted cyclopentadienyl ring 
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includes the 1,2- and 1 ,3-substitution patterns, while the trisubstitution pattern includes the 
1,2,3- and 1,2,4-substitution patterns. In addition, alkyl groups such as propyl and butyl 
include the n-, i-, sec-, and tert-isomers. 

[0069] 

Other examples include the compounds afforded by replacing the zirconium in the preceding 
zirconium compounds with titanium or hafnium. Compounds with formula (III-3) can be 
provided as examples of the transition metal compounds in which two cyclopentadienyl 
skeleton ligands are connected to each other through a divalent bridging group. 

[0070] 




(III-3) 



[0071] 

M 1 in this formula represents a transition metal atom from Group 4 of the Periodic Table and 
specifically is zirconium, titanium, or hafnium and is preferably zirconium. The groups R 15 , 
R 16 , R 17 , and R 18 are each independently selected from Ci to C20 hydrocarbyl, C1 to C20 
halogenated hydrocarbyl, silicon-containing groups, oxygen-containing groups, sulfur- 
containing groups, nitrogen-containing groups, phosphorus-containing groups, the hydrogen 
atom, and halogen atoms. Among these groups R 15 , R 16 , R 17 , and R 18 , some of the groups 

adjacent to each other may be interconnected to form a ring together with the carbon atoms to 

15 16 17 18 

which said groups are bonded. Each of the groups R , R , R , and R is specified at two 

15 15 

locations, and in each case the two groups, for example, R and R , may be the same as 
each other or may differ from one another. Among the groups designated by R, those with the 
same superscript represent a preferred combination for ring formation through their 
interconnection. 
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[0072] 

The Ci to C20 hydrocarbyl can be specifically exemplified by the same alkyl, cycloalkyl, 
alkenyl, arylalkyl, and aryl as provided above for L 1 in relation to general formula (111-1). 

[0073] 

The rings formed by the interconnection of these hydrocarbyl groups can be exemplified by 
condensed ring groups such as the benzene ring, naphthalene ring, acenaphthene ring, and 
indene ring and by groups as afforded by replacing hydrogen in these condensed ring groups 
with an alkyl group such as methyl, ethyl, propyl, and butyl. 

[0074] 

The C1 to C20 halogenated hydrocarbyl can be exemplified by groups as afforded by 
substituting halogen into the aforementioned C1 to C20 hydrocarbyl. The silicon-containing 
groups can be specifically exemplified by the same monohydrocarbyl-substituted silyl, 
dihydrocarbyl-substituted silyl, trihydrocarbyl-substituted silyl, silyl ethers of hydrocarbyl- 
substituted silyl, silicon-substituted alkyl, and silicon-substituted aryl as provided above for L 1 
in relation to general formula (MI-1). 

[0075] 

The oxygen-containing groups can be specifically exemplified by the hydroxyl group and the 
same alkoxy, aryloxy, and arylalkoxy groups as provided above for L 1 in relation to general 
formula (111-1). 

[0076] 

The sulfur-containing groups can be exemplified by groups as afforded by replacing the 
oxygen in the aforementioned oxygen-containing groups with sulfur. The nitrogen-containing 
groups can be exemplified by the amino group; alkylamino groups such as methylamino, 
dimethylamino, diethylamino, dipropylamino, dibutylamino, and dicyclohexylamino; and by 
arylamino and alkylarylamino groups such as phenylamino, diphenylamino, ditolylamino, 
dinaphthylamino, and methylphenylamino. 

[0077] 

The phosphorus-containing groups can be exemplified by phosphino groups such as 
dimethylphosphino and diphenylphosphino. The halogen atoms can be exemplified by the 
fluorine atom, chlorine atom, bromine atom, and iodine atom. 
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[0078] 

Ci to C20 hydrocarbyl is preferred among these possibilities, and the following are particularly 
preferred: C1 to C4 hydrocarbyl such as methyl, ethyl, propyl, and butyl; a benzene ring as 
formed by the interconnection of hydrocarbyl groups; and groups as afforded by substituting 
alkyl (e.g., methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl) for the hydrogen on 
the benzene ring generated by the interconnection of hydrocarbyl groups. 

[0079] 
1 2 

X and X are each independently selected from C1 to C20 hydrocarbyl, C1 to C20 
halogenated hydrocarbyl, oxygen-containing groups, sulfur-containing groups, silicon- 
containing groups, the hydrogen atom, and halogen atoms. 

[0080] 

The C1 to C20 hydrocarbyl, C1 to C20 halogenated hydrocarbyl, oxygen-containing groups, 
and halogen atoms can be exemplified by the same groups and atoms provided in relation to 
the aforementioned R 15 -R 18 

[0081] 

The sulfur-containing groups can be exemplified by the same groups provided in relation to the 
aforementioned R 15 -R 18 and by sulfonate groups such as methylsulfonate, 
trifluoromethanesulfonate, phenylsulfonate, benzylsulfonate, p-toluenesulfonate, trimethylben- 
zenesulfonate, triisobutylbenzenesulfonate, p-chlorobenzenesulfonate, and pentafluoroben- 
zenesulfonate, and by sulfinate groups such as methylsulfinate, phenylsulfinate, benzene- 
sulfinate, p-toluenesulfinate, trimethylbenzenesulfinate, and pentafluorobenzenesulfinate. 

[0082] 

The silicon-containing groups can be exemplified by the same silicon-substituted alkyl groups 
and silicon-substituted aryl groups provided in relation to the aforementioned R 15 -R 18 
Preferred among the preceding are halogen atoms, C1 to C20 hydrocarbyl, and sulfonate 
groups. 

[0083] 

Y represents C1 to C20 divalent hydrocarbyl, C1 to C20 divalent halogenated hydrocarbyl, 
divalent silicon-containing groups, divalent germanium-containing groups, divalent tin- 

19 19 

containing groups, -0-, -CO-, -S- -SO- -SO2-, -Ge-, -Sn-, -NR -, -P(R W, 

19 19 19 19 

-P(0)(R )-, -BR -, or -AIR - (each R is independently selected from C1 to C20 
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hydrocarbyl, Ci to C20 halogenated hydrocarbyl, the hydrogen atom, and halogen atoms). 
[0084] 

The C1 to C20 divalent hydrocarbyl is specifically exemplified by alkylene groups such as 
methylene, dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene, 1,3-trimethylene, 1,4- 
tetramethylene, 1,2-cyclohexylene, and 1 ,4-cyclohexylene, and by arylalkylene groups such as 
diphenylmethylene and diphenyl-1,2-ethylene. 

[0085] 

The C1 to C20 divalent halogenated hydrocarbyl can be specifically exemplified by groups as 
afforded by halogenation of the above-described C1 to C20 divalent hydrocarbyl, for example, 
chloromethylene. 

[0086] 

The divalent silicon-containing groups can be exemplified by silylene; alkylsilylene, alkylaryl- 
silylene, and arylsilylene groups such as methylsilylene, dimethylsilylene, diethylsilylene, di(n- 
propyl)silylene, di(i-propyl)silylene, di(cyclohexyl)silylene, methylphenylsilylene, diphenylsilyl- 
ene, di(p-tolyl)silylene, and di(p-chlorophenyl)silylene; and alkyldisilylene, alkylaryldisilylene, 
and aryldisilylene groups such as tetramethyl-1,2-disilylene and tetraphenyl-1,2-disilylene. 

[0087] 

The divalent germanium-containing groups can be exemplified by groups as afforded by 
replacing the silicon in the above-described divalent silicon-containing groups with germanium. 
The divalent tin-containing groups can be exemplified by groups as afforded by replacing the 
silicon in the above-described divalent silicon-containing groups with tin. 

[0088] 

Particularly preferred among the preceding are substituted silylene groups such as 

1 9 

dimethylsilylene, diphenylsilylene, and methylphenylsilylene. In addition, R represents the 
same C1 to C20 hydrocarbyl, C1 to C20 halogenated hydrocarbyl, and halogen atoms as 
provided in relation to the aforementioned R 15 -R 18 . 

[0089] 

Transition metal compounds (III-3) can be exemplified by the following specific compounds: 
ethylenebis(indenyl)dimethylzirconium, 
ethylenebis(indenyl)zirconium dichloride, 
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ethylenebis(indenyl)zirconium bis(trifluoromethanesulfonate), 
ethylenebis(indenyl)zirconium bis(methanesulfonate), 
ethylenebis(indenyl)zirconium bis(p-toluenesulfonate), 
ethylenebis(indenyl)zirconium bis(p-chlorobenzenesulfonate), 
ethylenebis(4,5 1 6,7-tetrahydroindenyl)zirconium dichloride, 
isopropylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 
isopropylidene(cyclopentadienyl)(methylcyclopentadienyl)zirconium dichloride, 
dimethylsilylenebis(cyclopentadienyl)zirconium dichloride, 
dimethylsilylenebis(methylcyclopentadienyl)zirconium dichloride, 
dimethylsilylenebis(dimethylcyclopentadienyl)zirconium dichloride, . 
dimethylsilylenebis(trimethylcyclopentadienyl)zirconium dichloride, 
dimethylsilylenebis(indenyl)zirconium dichloride, 
dimethylsilylenebis(indenyl)zirconium bis(trifluoromethanesulfonate), 
dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 
dimethylsilylene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 
diphenylsilylenebis(indenyl)zirconium dichloride, 
methylphenylsilylenebis(indenyl)zirconium dichloride, 
rac-dimethylsilylenebis(2,3,5-trimethylcyclopentadienyl)zirconium dichloride, 
rac-dimethylsilylenebis(2,4,7-trimethylcyclopentadienyl)zirconium dichloride, 
rac-dimethylsilylenebis(2-methyl-4-tert-butylcyclopentadienyl)zirconium dichloride, 
isopropylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 
dimethylsilylene(34ert-butylcyclopentadienyl)(indenyl)zirconium dichloride, 
isopropylidene(4-methylcyclopentadienyl)(3-methylindenyl)zirconium dichloride, 
isopropylidene(4-tert-butylcyclopentadienyl)(3-methylindenyl)zirconium dichloride, 
isopropylidene(4-tert-butylcyclopentadienyl)(3-tert-butylindenyl)zirconium dichloride, 
dimethylsilylene(4-methylcyclopentadienyl)(3-methylindenyl)zirconiu dichloride, 
dimethylsilylene(44ert-butylcyclop dichloride, 
dimethylsilylene(44ert-butylcyclopentadienyl)(3-tert-butylindenyl)zirc^ dichloride, 
dimethylsilylene(3-tert-butylcyclopentadienyl)(fluorenyl)zirconium dichloride, and 
isopropylidene(3-tert"butylcyclopentadienyl)(fluorenyl)zirconium dichloride. 
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[0090] 

Other examples include the compounds afforded by replacing the zirconium in the preceding 
compounds with titanium or hafnium. Transition metal compounds with the following general 
formulas (111-4) and (111-5) are additional specific examples of transition metal compounds 
(111-3). 

[0091] 




(III-4) 



[0092] 
1 

M in this formula represents a transition metal atom from Group 4 of the Periodic Table and 

21 

specifically is titanium, zirconium, or hafnium and is preferably zirconium. Each R is 
independently selected from Ci to C6 hydrocarbyl and can be specifically exemplified by alkyl 
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 
neopentyl, n-hexyl, and cyclohexyl, and by alkenyl such as vinyl and propenyl. 



[0093] 

Preferred among the preceding are alkyl in which the carbon atom bonded to the indenyl group 
is a primary carbon, more preferably Ci to C4 alkyl and particularly preferably methyl and 
ethyl. 

[0094] 

22 24 25 26 

The groups R , R , R , and R are each independently selected from the hydrogen atom, 

21 " 23 

halogen atoms, and the same Ci to C6 hydrocarbyl as described for R . Each R is 
independently selected from the hydrogen atom and C6 to C16 aryl and can be specifically 
exemplified by phenyl, a-naphthyl, p-naphthyl, anthryl, phenanthryl, pyrenyl, acenaphthyl, 
phenalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl, and biphenylyl. Preferred among the 
preceding are phenyl, naphthyl, anthryl, and phenanthryl. 
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[0095] 

These aryl groups can be substituted by halogen atoms such as fluorine, chlorine, bromine, 
and iodine; Ci to C20 hydrocarbyl, for example, alkyl (e.g., methyl, ethyl, propyl, butyl, hexyl, 
cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl, and adamantyl), alkenyl (e.g., vinyl, 
propenyl, and cyclohexenyl), arylalkyl (e.g., benzyl, phenylethyl, and phenylpropyl), and aryl 
(e.g., phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, a- and 
p-naphthyl, methylnaphthyl, anthryl, phenanthryl, benzylphenyl, pyrenyl, acenaphthyl, 
phenalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl, and biphenylyl); and organosilyl such 
as trimethylsilyl, triethylsilyl, and triphenylsilyl. 

[0096] 

12 12 

X and X are defined as for X and X in general formula (III-3) and may be the same as 
each other or may differ from one another. Among the various possibilities, halogen atoms 
and C1 to C20 hydrocarbyl are preferred. 



[0097] 

Y 1 is defined as for Y 1 in general formula (III-3). Among the various possibilities, divalent 
silicon-containing groups and divalent germanium-containing groups are preferred. Divalent 
silicon-containing groups are more preferred and alkylsilylene, alkylarylsilylene, and 
arylsilylene are even more preferred. 

[0098] 

The following are specific examples of transition metal compounds with general formula (III-4): 

rac-dimethylsilylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-naphthyl)indenyl)}zirconium dichloride, 
rac-dimethylsilyIenebis{1-(2-methyl-4-(1-anthryl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(2-anthryl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(9-anthryl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-fluorophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(pentafluorophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-chlorophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(m-chlorophenyl)indenyl)}zirconium dichloride, 
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rac-dimethylsilylenebis{H^ dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(o J p-dichlorophenyl)phenyl^ dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-bromophenyl)indenyl)}zirc^ dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-tolyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(m-tolyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(o-tolyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1 -(2-methyl-4-(o,o'-dimethylphenyl)-1 -indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-ethylphenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-isopropylphenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-benzylphenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-biphenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(m-biphenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(p-trimethylsilylenephenyl)inden dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-(m-trimethylsilylenephenyl)inden dichloride, 
rac-dimethylsilylenebis{1-(2-phenyl-4-phenylindenyl)}zirconium dichloride, 
rac-diethylsilylenebis{1-(2-methyl-4--phenylindenyl)}zirconium dichloride, 
rac-di(i-propyl)silylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-di(n-butyl)silylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-dicyclohexylsilylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-methylphenylsilylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-diphenylsilylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-di(p-tolyl)silylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-di(p-chlorophenyl)silylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-methylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-ethylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-dimethylgermylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-dimethylstannylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dibromide, 
rac-dimethylsilylenebis{1-(2-methyl-4-phenylindenyl)}dimethylzirconium, 
rac-dimethylsilylenebis{1-(2-methyl-4-phenylindenyl)}methylzirconium chloride, 
rac-dimethylsilylenebis{1 -(2-methyl-4-phenylindenyl)}zirconium chloride S02Me, 
rac-dimethylsilylenebis{1 -(2-methyl-4-phenylindenyl)}zirconium chloride OS02Me, 

[0099] 

rac-dimethylsilylenebis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
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rac-dimethylsilylenebis{^ dichloride, 
rac-dimethylsilylenebis{1 -(2-ethyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride, 
rac-dimethylsiiylenebis{1-(2-ethyl-4-(5-acenaphthyl)indenyl)}zirc^ dichloride, 
rac-dimethylsilylenebis{1-(2-eto dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(9-phenanthi7l)indenyl)}zircor^ dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(o-methylphenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(m-methylphenyl)indenyl)}zircon dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(p-methylphenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-ethy^ dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(2,4-dimethylphenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(2,5-dimethylphenyl)indenyl)}zircon dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(2,4,6-trimethylphenyl)indenyl^ dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(o-chlorophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(m-chlorophenyl)indenyl)}zirc^ dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(p-chlorophenyl)indenyl)}zirconiu dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(2,3-dichlorophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(2,6-dichlorophenyl)indenyl)}zircohium dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(3,5-dichlorophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2^ dichloride, 
rac-dimethylsilylenebis{1-(2-ethyM-(3-bromophenyl)indenyl)}zirconiu dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl^-(4-bromophenyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(4-biphenylyl)indenyI)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-ethyl-4-(4-trimethylsilylphenyl)inden dichloride, 
rac-dimethylsilylenebis{1-(2-n-propyl-4-phenylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-n-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
racHjimethylsilylenebis{1-(2-n-prop dichloride, 
rac-dimethylsilylenebis{1 -(2-n-propyl-4-(2-methyl-1 -naphthyI)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-n-propyl-4-(5-acenaphthyl)indenyl)}zirc^ dichloride, 
rac-dimethylsily1enebis{1-(2-n-^ dichloride, 
rac-dimethylsilylenebis{1-(2-n-propyl-4-(9-phenanthi7l)indenyl)}zirconi dichloride, 
rac-dimethylsilylenebis{1-(2-i-propyl-4-phenylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-i-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-i-propyl^-(p-naphthyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-h^ dichloride, 
rac-dimethylsilylenebis{1-(2-i-propyl^-(5-acenaphthyl)indenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2-i-propyl-4-(9-anthryl)indenyl)}zirconium dichloride, 
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ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 
ac-dimethylsilylenebis 



{1 -(2-i-propyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
{1 -(2-s-butyl-4-phenylindenyl)}zirconium dichloride, 
{1 -(2-s-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
{1 -(2-s-butyl-4-(p-naphthyl)indenyl)}zirconium dichloride, 
{1 -(2-s-butyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride, 
{1 -(2-s-butyl-4-(5-acenaphthyl)indenyl)}zirconium dichloride, 
{1 -(2-s-butyl-4-(9-anthryl)indenyI)}zirconium dichloride, 
{1 -(2-s-butyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
{1 -(2-n-pentyl-4-phenylindenyl)}zirconium dichloride, 
{1 -(2-n-pentyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
{1 -(2-n-butyl-4-phenylindenyl)}zirconium dichloride, 
{1 -(2-n-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
{1-(2-n-butyl-4-(p-naphthyl)indenyl)}zirconium dichloride, 
{1 -(2-n-butyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride, 
{1 -(2-n-butyl-4-(5-acenaphthyl)indenyl)}zirconium dichloride, 
{1 -(2-n-butyl-4-(9-anthryl)indenyl)}zirconium dichloride, 
{1 -(2-n-butyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
{1 -(2-i-butyl-4-phenylindenyl)}zirconium dichloride, 
{1 -(2-i-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
{1-(2-i-butyl-4-(p-naphthyl)indenyl)}zirconium dichloride, 
{1 -(2-i-butyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride, 
{1-(2-i-butyl-4-(5-acenaphthyl)indenyl)}zirconium dichloride, 
{1 -(2-i-butyl-4-(9-anthryl)indenyl)}zirconium dichloride, 
{1 -(2-i-butyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
{1 -(2-neopentyl-4-phenylindenyl)}zirconium dichloride, 
{1 -(2-neopentyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
{1 -(2-n-hexyl-4-phenylindenyl)}zirconium dichloride, 
{1 -(2-n-hexyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
ac-methylphenylsilylenebis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
ac-methylphenylsilylenebis{1-(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
ac-methylphenylsilylenebis{1-(2-ethyl-4-(9-anthryl)indenyl)}zirconium dichloride, 
ac-methylphenylsilylenebis{1-(2-ethyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
ac-diphenylsilylenebis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
ac-diphenylsilylenebis{1-(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
ac-diphenylsilylenebis{1-(2-ethyl-4-(9-anthryl)indenyl)}zirconium dichloride, 
ac-diphenylsilylenebis{1-(2-ethyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
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rac-diphenylsilylenebis{1-(2-ethyl-4-(4-biphen dichloride, 
rac-methylenebis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac-methylenebis{1-(2-ethyl-4-(a-naphthyl)indenyl)}zirconiu dichloride, 
rac-ethylenebis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac-ethylenebis{1-(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-ethylenebis{1-(2-n-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-dimethylgermylbis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac-dimethylgermylbis{1 -(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, and 
rac-dimethylgermylbis{1-(2-n-propyl-4-phenylindenyl)}zirconium dichloride. 

[0100] 

Other examples are the compounds generated by replacing the zirconium in the preceding 
compounds with titanium or hafnium. The racemic form of the transition metal compound (III- 
4) is preferably used as the catalyst component in this invention when olefin having 3 or more 
carbons is to be polymerized. 

[0101] 

The transition metal compound (III-4) can be synthesized according to Journal of Orqano- 
metallic Chem. . 288 (1985) pp. 63-67 and the examples and description of EP 0,320,762 A. 

[0102] 

The transition metal compound with general formula (III-5) will now be described. 
[0103] 




(III-5) 



[0104] 
1 

M in the preceding formula is a transition metal atom from Group 4 of the Periodic Table and 
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specifically is titanium, zirconium, or hafnium with zirconium being preferred. R and R are 
each independently selected from Ci to C20 hydrocarbyl, C1 to C20 halogenated hydrocarbyl, 
silicon-containing groups, oxygen-containing groups, sulfur-containing groups, nitrogen- 
containing groups, phosphorus-containing groups, the hydrogen atom, and halogen atoms. 

31 32 

R and R can be specifically exemplified by the same atoms and groups as provided above 
forR 15 toR 18 

[0105] 

31 

Among the preceding possibilities, R is preferably C1 to C20 hydrocarbyl and particularly 
preferably is C1 to C3 hydrocarbyl, i.e., methyl, ethyl, or propyl. 

[0106] 

32 

R is preferably the hydrogen atom or C1 to C20 hydrocarbyl and particularly preferably is the 
hydrogen atom or C1 to C3 hydrocarbyl, i.e., methyl, ethyl, or propyl. 

[0107] 
33 34 

R and R are each independently selected from C1 to C20 alkyl and are specifically 
exemplified by alkyl such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert- 
butyl, n-pentyl, neopentyl, n-hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl, and 
adamantyl. 

[0108] 

33 12 
Among the preceding possibilities, R is preferably secondary or tertiary alkyl. X and X 

may be the same as each other or may differ from one another and are defined as for X and 

2 

X in general formula (III-3). 

[0109] 
1 1 

Y is defined as for Y in general formula (III-3). Specific examples of the transition metal 
compound (III-5) are as follows: 

rac-dimethylsilylenebis{1-(2,7-dimethyl-4-ethylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-n-propylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-n-butylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-sec-butylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-t-butylindenyl)}zirconium dichloride, 
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rac-dimethylsi!ylenebis{H dichloride, 
rac-dimethylsilylenebis{H dichloride, 
rac-dimethylsilylenebis{1-(2J dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-methylcyclohexylindenyl)}zirco dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-phenylethyHndenyl)}zircon dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-phenyldichloromethylindenyl)}z^ dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethy^ dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-trimethylsilylmethylindeny^ dichloride, 
rac-dimethylsilylenebis{1-(2,7-dimethyl-4-trimethylsiloxymethylind dichloride, 
rac-diethylsilylenebis{1-(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 
rac-di(i-propyl)silylenebis{1-(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 
rac-di(n-butyl)silylenebis{1-(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 

rac-di(cyclohexyl)silylenebis{H dichloride, 
rac-methylphenylsilylenebis{1-(2,7-dimethyl-4-i-propylindenyl)}zirco dichloride, 
rac-methylphenylsilylenebis{1-(2,7-dime dichloride, 
rac-diphenylsilylenebis{1-(2,7-dimethyl-4-t-butylindenyl)}zirconium dichloride, 
rac-diphenylsilylenebis{1-(2,7-dimethyl-4-hpropylindenyl)}zirconium dichloride, 
rac-diphenylsilylenebis{1-(2,7-dimethyl-4-ethylindenyl)}zirconium dichloride, 
rac-di(p-tolyl)silylenebis{1-(2,7-dimethyl-4-i-propylindenyl)}zircon dichloride, 
rac-di(p-chlorophenyl)silylen^ dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-i-propyl-7-ethylindenyl)}zircon dibromide, 
rac-dimethylsilylenebis{1-(2,3,74rimethyl-4-ethylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-n-propylindenyl)}zirco dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-i-propylindenyl)}zircon dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-n-butylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-sec-butylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-t-butylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-W dichloride, 
rac<iimethylsilylenebis{1-(2,3,7-trim^ dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-cyclohexylindenyl)}zirconium dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trim^ dichloride, 
racHjimethylsilylenebis{1-(2,3,7-trim^ dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-trimethylsiloxymethyH dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-phenylethylindenyl)}zircon dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-W dichloride, 
rac-dimethylsilylenebis{1-(2,3,7-trimethyl-4-chloromethylindenyl)}zirc^ dichloride, 
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rac-diethylsilylenebis{1-^ dichloride, 
rac-di(i-propyl)silylenebis{1-(2,3,7-trim^ dichloride, 
rac-di(n-butyl)silylenebis^^ dichloride, 
rac-di(cyclohexyl)silylenebis{1-(2,3,7-trim^ dichloride, 
rac-methylphenylsilylenebis{1-(2,3,7-trim^ dichloride, 
rac-methylphenylsilylenebis{1-(2,3,7-trime^ dichloride, 
rac-diphenylsilylenebis{1-(2,3,7-trimethyl-4-t-butylindenyl)}zirconium dichloride, 
rac-diphenylsilylenebis{1-(2,3,7-trimethyl-4-i-propylindenyl)}zirconium dichloride, 
rac-diphenylsilylenebis{1-(2,3,7-trimethyl-4-ethylindenyl)}zirconium dichloride, 
rac-di(p-tolyl)silylenebis{1-(2,3,7-trimethyl-4-i-propylindenyl)}zi dichloride, 
rac-di(p-chlorophenyl)silylenebis{1-(2,37^^^ dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-i-propyl-7-methylindenyl)}^ 
rac-dimethylsilylenebis{1-(2-m^ chloride, 
rac-dimethylsilylenebis{1-(2-methyl-4-i-^^ 

bis(methanesulfonate), 
rac-dimethylsilylenebis{1-(2-methyl-4-i^ bis(p- 

phenylsulfinate), 

rac-dimethylsilylenebis{1-(2-methyl-3-methyl-4-i-propyl-7-methyN^ dichloride, 
rac-dimethylsilylenebis{1-(2-methyl-4,6-di-i-propylindenyl)}zirconi dichloride, 
rac-dimethylsilylenebis{1-(2^ dichloride, 
rac-dimethylsilylenebis{1-(2-phenyl-4^ dichloride, 
rac-dimethylsilylenebis{1-(2-methylindenyl)}zirconium dichloride, 
rac-ethylenebis{1-(2,4,7-trimethylindenyl)}zirconium dichloride, and 
rac-isopropylidenebis{1-(2,4,7-trimethylindenyl)}zirconium dichloride. 

[0110] 

Other examples include compounds generated by replacing the zirconium in the preceding 
compounds with titanium or hafnium. Among the various possibilities, compounds having a 
branched alkyl, e.g., i-propyl, sec-butyl, or tert-butyl, at position 4 are particularly preferred. 

[0111] 

The racemic form of the transition metal compound (III-5) is preferably used as the catalyst 
component in this invention when olefin having 3 or more carbons is to be polymerized. 

[0112] 

These transition metal compounds (III-5) can be synthesized by known methods from indene 
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derivatives, for example, by the method described in Japanese Laid Open (Unexamined or 
Kokai or A) Patent Application Number Hei 4-268307 (268,307/1992). 

[0113] 

Compounds with the following general formula (III-6) can also be used as the transition metal 
compound (A) 

L 2 M 2 X 3 2 (IM-6) 

2 

wherein M is a transition metal atom from Group 4 of the Periodic Table. 
[0114] 

2 

Here, L is the derivative of a delocalized it-bonding group and imparts a constrained 

2 3 

geometric shape to the M metal active site. The groups X may be the same as each other or 
may differ from one another and represent the hydrogen atom, a halogen atom, or a 
hydrocarbyl, silyl, or germyl group containing no more than 20 carbon atoms, silicon atoms, or 
germanium atoms. 

[0115] 

Compounds with the following general formula (III-7) are preferred among compounds with 
general formula (III-6). 



[0116] 



z- 

/ 

Cp M 



Y 

/ 

2 



(III-7) 



•(X 3 ) 2 



[0117] 

2 

M in this formula is a transition metal atom from Group 4 of the Periodic Table and specifically 

2 

is zirconium, titanium, or hafnium with zirconium being preferred. Cp is jt-bonded to M and 
represents a substituted cyclopentadienyl group bearing a substituent Z or a derivative of such 
a substituted cyclopentadienyl group. 

[0118] 

Z is a ligand containing the oxygen atom, sulfur atom, boron atom, or an atom from Group 14 
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of the Periodic Table and can be exemplified by -Si(R 2K -C(R 2K -Si(R 2)Si(R 2K 

41 41 41 41 41 41 41 41 41 

-C(R 4 2)C(R 4 2)-, -C(R 41 2 )C(R 4 2)C(R 4 2)- -C(R 4 >C(R 41 )-, -C(R 4 2)Si(R 2)-, and 
-Ge(R 41 2 )-. 



[0119] 

2 

Y represents a ligand containing the nitrogen atom, phosphorus atom, oxygen atom, or sulfur 
atom and can be exemplified by -N(R 42 )-, -0-, -S-, and -P(R 42 )-. A condensed ring can 
also be formed by Z and Y 2 . 



[0120] 
41 

R is the hydrogen atom or a group that contains up to 20 non-hydrogen atoms and is 
selected from alkyl, aryl, silyl, halogenated alkyl, halogenated aryl, and their combinations. 

42 

R is C1 to C10 alkyl, C6 to C10 aryl, or C7 to C10 aralkyl or together with one or more of the 
R 41 substituents can form a condensed ring system having up to 30 non-hydrogen atoms. 

[0121] 

X 3 has the same definition as for general formula (III-6), supra. Specific examples of the 
transition metal compound (III-7) are as follows: 

5 

(tert-butylamido)(tetramethyl-ri -cyclopentadienyl)-1 ,2-ethanediylzirconium dichloride, 

5 

(tert-butylamido)(tetramethyl-ri -cyclopentadienyl)-1 ,2-ethanediyltitanium dichloride, 

5 

(methylamido)(tetramethyl-Ti -cyclopentadienyl)-1 ,2-ethanediylzirconium dichloride, 

(methylamido)(tetramethyl-ri 5 -cycIopentadienyl)-1 ,2-ethanediyltitanium dichloride, 

(ethylamido)(tetramethyl-T) 5 -cyclopentadienyl)methylenetitanium dichloride, 

(tert-butylamido)dimethyl(tetramethyl-Ti 5 -cyclopentadienyl)silanetitanium dichloride, 

(tert-butylamido)dimethyl(tetramethyl-Ti 5 -cyclopentadienyl)silanezirconium dichloride, 

(benzylamido)dimethyl(tetramethyl-ri 5 -cyclopentadienyl)silanetitanium dichloride, and 

5 

(phenylphosphido)dimethyl(tetramethyl-Ti -cyclopentadienyl)silanedibenzylzirconium. 
[0122] 

M 3 in general formula (IV) is a transition metal atom from Groups 3-12 of the Periodic Table 
and preferably is a transition metal atom from Groups 4-10 of the Periodic Table and more 
preferably is titanium, zirconium, hafnium, nickel, palladium, chromium, iron, or cobalt. L 3 
represents anionic or neutral ligands — other than Cpd skeleton ligand — coordinated to the 
transition metal atom M 3 . The ligand L 3 is bonded in a form with a neutral or anionic charge 
state to the transition metal atom M 3 through, for example, an atom such as B, C, N, O, P, S, 
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or halogen. The ligands L may be the same as or different from each other. Among the 
neutral ligands, ligands bonded through B can be exemplified by alkylborane and arylborane; 
ligands bonded through C can be exemplified by the residues of conjugated diene compounds; 
ligands bonded through N can be exemplified by amino, amido, sulfonamide, imido, and imino; 
ligands bonded through O can be exemplified by alkoxy, carbonyl, ester, and amido; ligands 
bonded through P can be exemplified by phosphine and phosphite; and ligands bonded 
through S can be exemplified by thiophenol, sulfide, thioketone, and thioketo ester. Among the 
anionic ligands, ligands bonded through B can be exemplified by alkylborate, arylborate, and 
borabenzene; ligands bonded through C can be exemplified by rc-aryl; ligands bonded through 
N can be exemplified by amido, amidine, imidazole, amidate, and imidate; ligands bonded 
through O can be exemplified by phenoxide, alkoxide, carboxyl, oxime, and ketoalkoxy; ligands 
bonded through P can be exemplified by phosphate; and ligands bonded through S can be 
exemplified by thiophenoxide, thiocarboxyl groups, and dithiocarbamate groups. Compounds 
with general formula (IV) can be exemplified as below. This transition metal compound can be 
a single compound or a mixture of two or more compounds. 

(B) The ionic compound or 
(B') The Group 13 compound 

The ionic compound (B) can be an ionic compound with the general formula (l-a) given above 
while the Group 13 compound (B') can be a Group 13 compound with the general formula 
(ll-a) given above, wherein the ionic compounds are preferred. 

[0123] 

A single ionic compound as described above can be used, or a combination of two or more 
ionic compounds as described above can be used. A single Group 13 compound can be used, 
or a combination of two or more Group 13 compounds can be used. Combinations of an ionic 
compound or compounds with a Group 13 compound or compounds can also be used. 

[0124] 

The olefin polymerization catalyst according to the present invention is formed from the above- 
described transition metal compound (A) and the above-described ionic compound (B) or 
Group 13 compound (B'), but may also contain the organometal compound (C) described 
below on an optional basis. 
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[0125] 

(C) The orqanometal compound 

Organometal compounds from Groups 1 and 2 and 12 and 13 as specifically defined below 
can be used as the organometal compound (C) employed in the present invention on an 
optional basis. 

[0126] 

Organoaluminum compounds with the general formula 

R a m AI(OR b ) n HpX q (C-1) 
a b 

in which R and R are independently selected from Ci to C15 and preferably C1 to C4 
hydrocarbyl; X is a halogen atom; and 0 < m £ 3, 0£n<3, 0£p<3, 0 £ q < 3, and m + n + p 
+ q = 3. 

[0127] 

The complex alkylates of aluminum and a Group 1 metal with the general formula 

M 3 AIR a 4 (C-2) 

3 a 
in which M is Li, Na, or K and R is C1 to C15 and preferably C1 to C4 hydrocarbyl. 

[0128] 

The dialkylates of a Group 2 or Group 12 metal with the general formula 

R a R b M 4 (C-3) 
a b 

in which R and R are independently selected from C1 to C15 and preferably C1 to C4 
4 

hydrocarbyl and M is Mg, Zn, or Cd. 
[0129] 

The organoaluminum compounds encompassed by (C-1) can be exemplified by the following 
compounds: 

® organoaluminum compounds with the general formula 

R a mAI(OR b ) 3 -m 
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in which R and R are independently selected from Ci to C15 and 
preferably C1 to C4 hydrocarbyl and m is preferably a number satisfying 
1.5 £m<s 3; 

© organoaluminum compounds with the general formula 

g 

R m AIX3- m 

in which R a is C1 to C15 and preferably C1 to C4 hydrocarbyl, X is a 
halogen atom, and m preferably satisfies 0 < m < 3; 
® organoaluminum compounds with the general formula 

R a m AIH 3 -m 

in which R a is C1 to C15 and preferably C1 to C4 hydrocarbyl and m 
preferably satisfies 2 £ m < 3; and 
® organoaluminum compounds with the general formula 

R a m AI(OR b ) n X q 

a b 

in which R and R are independently selected from C1 to C15 and 
preferably C1 to C4 hydrocarbyl, X is a halogen atom, and 0 < m < 3, 0 < n 
< 3, 0 £ q < 3, and m + n + q = 3. 

[0130] 

The aluminum compounds encompassed by (C-1) can be more specifically exemplified by 

tri-n-alkylaluminums such as triethylaluminum and tri-n-butylaluminum; 

tri-branched chain-alkylaluminums such as triisopropylaluminum, triisobutylaluminum, tri-sec- 
butylaluminum, tri-tert-butylaluminum, tri-2-methylbutylaluminum, tri-3-methylbutylalu- 
minum, tri-2-methylpentylaluminum, tri-3-methylpentylaluminum, tri-4-methylpentyl- 
aluminum, tri-2-methylhexylaluminum, tri-3-methylhexylaluminum, and tri-2-ethylhexyl- 
aluminum; 

tricycloalkylaluminums such as tricyclohexylaluminum; 
triarylaluminums such as triphenylaluminum and tritolylaluminum; 
dialkylaluminum hydrides such as diisobutylaluminum hydride; 
trialkenylaluminums such as triisoprenylaluminum; 

alkylaluminum alkoxides such as isobutylaluminum methoxide, isobutylaluminum ethoxide, and 

isobutylaluminum isopropoxide; 
dialkylaluminum alkoxides such as diethylaluminum ethoxide and dibutylaluminum butoxide; 
alkylaluminum sesquialkoxides such as ethylaluminum sesquiethoxide and butylaluminum 

sesquibutoxide; 

a b 

partially alkoxylated alkylaluminums with the average compositional formula R 2.5AKOR )o.s; 
dialkylaluminum halides such as diethylaluminum chloride, dibutylaluminum chloride, and 
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diethylaluminum bromide; 
alkylaluminum sesquihalides such as ethylaluminum sesquichloride, butylaluminum 

sesquichloride, and ethylaluminum sesquibromide; 
partially halogenated alkylaluminums such as alkylaluminum dihalides such as ethylaluminum 

dichloride, propylaluminum dichloride, and butylaluminum dibromide; 
dialkylaluminum hydrides such as diethylaluminum hydride and dibutylaluminum hydride; 
other partial hydrogenated alkylaluminums such as alkylaluminum dihydrides such as 

ethylaluminum dihydride and propylaluminum dihydride; and 
partially alkoxylated and halogenated alkylaluminums such as ethylaluminum ethoxychloride, 

butylaluminum butoxychloride, and ethylaluminum ethoxybromide. 

[0131] 

Also usable are compounds that resemble (C-1), for example, organoaluminum compounds as 
afforded by bonding two or more aluminum compounds to each other through the nitrogen 
atom. Compounds of this type can be specifically exemplified by 

(C 2 H5)2AIN(C2H5)AI(C2H 5 )2. 

[0132] 

Compounds encompassed by (C-2) can be exemplified by UAI(C2H5)4 and LiAI(C7Hi5)4. 
[0133] 

In addition to the preceding, isoprenylaluminums with the following general formula can also be 
used as the organometal compound (C) 

(i-C 4 H9)xAl y (C 5 Hio)z 

wherein x, y, and z are positive numbers and z s> 2x. 

[0134] 

In addition to the preceding, the following can also be used as the organometal compound (C): 
methyllithium, ethyllithium, propyllithium, butyllithium, methylmagnesium bromide, methyl- 
magnesium chloride, ethylmagnesium bromide, ethylmagnesium chloride, propylmagnesium 
bromide, propylmagnesium chloride, butylmagnesium bromide, butylmagnesium chloride, 
dimethylmagnesium, diethylmagnesium, dibutylmagnesium, and butylethylmagnesium. 
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[0135] 

Compounds that will form the above-described organoaluminum compounds in the 
polymerization system can also be used, for example, the combination of aluminum halide and 
alkyllithium and the combination of aluminum halide and alkylmagnesium. 

[0136] 

The organometal compound (C) used by the present invention is preferably a metal compound 
containing branched-chain alkyl. Ethyl-, isopropyl-, and isobutyl-containing metal compounds 
and particularly triisobutylmetal compounds thereamong are preferred. Aluminum is preferred 
as the metal, wherein triethylaluminum and triisobutylaluminum are most preferred. 

[0137] 

A single organometal compound as described above can be used or a mixture of two or more 
of these compounds can be used. In addition, the olefin polymerization catalyst according to 
the present invention can optionally contain a phenol derivative (D) as defined below. 

[0138] 

(D) The phenol derivative 

The phenol derivative (D) used by this invention on an optional basis is a compound with the 
following general formula (V). 

[0139] 

D 44 D 45 




[0140] 

R 44 -R 48 in the preceding formula are independently selected from alkyl, aryl, alkoxy, aryloxy, 
triarylsilyl, the hydrogen atom, and halogen atoms, and are specifically exemplified by C1-20 
alkyl such as methyl, ethyl, propyl, butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl, 
norbornyl, and adamantyl; C6.20 aryl such as phenyl, tolyl, dimethylphenyl, trimethylphenyl, 
ethylphenyl, propylphenyl, biphenyl, a- and p-naphthyl, methylnaphthyl, anthryl, phenanthryl, 
benzylphenyl, pyrenyl, acenaphthyl, phenalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl, 
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and biphenylyl; C1-20 alkoxy such as methoxy, ethoxy, propoxy, and butoxy; C6-20 aryloxy such 
as phenoxy, methylphenoxy, dimethylphenoxy, and naphthoxy; triarylsilyl such as triphenylsilyl; 
and the same halogen atoms as provided above. 

[0141] 

Phenol derivatives with general formula (V) can be specifically exemplified by the following 
compounds: 

monoalkyl-substituted phenols such as 2-tert-butylphenol; 

dialkyl-substituted phenols such as 2,6-dimethylphenol, 2,4-di-tert-butylphenol, 2,6-di-tert- 
butylphenol, 3,5-di-tert-butylphenol, 2-tert-butyl-4-methylphenol, 2-tert-butyl-4,6- 
dimethylphenol [sic], and 2,6-diisopropylphenol; 

trialkyl-substituted phenols such as 2,6-dimethyl-4-tert-butylphenol f 2,6-di-tert-butyl-4- 
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphenol, 2-(1- 
methylcyclohexyl)-4,6-dimethylphenol, 2-methyl-4,6-dinonylphenol, and 2,6-diisopropyl- 
4-methylphenol; 

monoaryl-substituted phenols such as 2-phenylphenol, 3-phenylphenol, and 4- 

phenylphenol; 
diaryl-substituted phenols such as 2,6-diphenylphenol; 
dialkyl/monoaryl-substituted phenols such as 2,6-dimethyl-4-phenylphenol; 
monoalkyl/diaryl-substituted phenols such as 2,6-diphenyl-4-methylphenol; 
monoalkyl/monoalkoxy-substituted phenols such as 2-tert-butyl-4-methoxyphenol; 
dialkyl/monoalkoxy-substituted phenols such as 2,6-di-tert-butyl-4-methoxyphenol; 
monoaryl/monoalkoxy-substituted phenols such as 2-phenyl-4-methoxyphenol; 
di(triarylsilyl)-substituted phenols such as 2,6-di(triphenylsilyl)phenol; and 
alkyl/di(triarylsilyl)-substituted phenols such as 2,6-di(triphenylsilyl)-4-methylphenol. 

[0142] 

Among the preceding, phenol derivatives are preferred in which at least one of R 44 , R 46 , and 
R 48 is replaced by C1-12 hydrocarbyl. A single phenol derivative or a mixture of two or more 
phenol derivatives can be used. 

[0143] 

The olefin polymerization catalyst according to the present invention can also be used in the 
form of the solid catalyst afforded by supporting all or part of the 

(A) transition metal compound, 

(B) ionic compound or (B') Group 13 compound, 
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(C) organometal compound, and 

(D) phenol derivative 

on a carrier as described below. 

[0144] 

(E) The carriers 

Granular or microparticulate solid organic or inorganic compounds with a size of 10 to 300 pm 
and preferably 20 to 200 pm are used for the carrier (E). Porous oxides are preferred for the 
inorganic carriers and may be specifically exemplified by Si02, AI2O3, MgO, Zr02, Ti02, B2O3, 
CaO, ZnO, BaO, and "IT1O2 and by mixtures of the preceding such as Si02-MgO, Si02-Al2C>3, 
Si02-Ti02, Si02-V20s, Si02-Cr203, and Si02-Ti02-MgO. Preferred among the preceding are 
carriers whose main component is at least 1 component selected from the group consisting of 
Si02 and AI2O3. 

[0145] 

The aforementioned inorganic oxide may also contain small amounts of a carbonate, sulfate, 
nitrate, or oxide component such as Na2C03, K2CO3, CaCC>3, MgC03, Na2S04, Al2(S04)3, 
BaS0 4 , KNO3, Mg(N0 3 )2, AI(N0 3 )3, Na 2 0, K 2 0, and Li 2 0. 

[0146] 

While the properties of such a carrier (E) will vary as a function of its constituents and method 
of production, carriers preferred for use in the present invention desirably have a specific 

2 2 

surface area of 50 to 1,000 m /g and preferably 100 to 700 m /g and desirably have a pore 

3 

volume of 0.3 to 2.5 cm /g. As necessary, the subject carrier can be used after calcining at 
100 to 1,000°C and preferably 150 to 700°C. 

[0147] 

Granular and microparticulate solid organic compounds with a particle size of 10 to 300 pm 
can also be used for the carrier (E). These organic compounds can be exemplified by 
polymers and copolymers synthesized mainly from C2 to C14 a -olefin, e.g., ethylene, 
propylene, 1-butene, and 4-methylpent-1-ene, and by polymers and copolymers synthesized 
mainly from vinylcyclohexane or styrene. 
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[0148] 

The olefin polymerization catalyst 

The olefin polymerization catalyst according to the present invention is formed from the above- 
described transition metal compound (A) and ionic compound (B) or (Group 13 compound (B')) 
and optionally the organometal compound (C) and/or phenol derivative (D). 

[0149] 

Procedures for charging and producing the inventive olefin polymerization catalyst are 
described in the following for the example of the use of an ionic compound (B), but charging 
and production can be carried out with the Group 13 compound (B') using the same 
procedures as for the ionic compound (B). 

[0150] 

The individual components described above may each be charged separately to the reactor, 
but may also be charged to the reactor after any two or more components selected therefrom 
have been brought into contact with each other in advance outside the reactor. In a preferred 
embodiment in this latter case, a precontact catalyst is first prepared by preliminarily contacting 
the transition metal compound (A) with the ionic compound (B) outside the reactor and this 
precontact catalyst, the organometal compound (C), and the phenol derivative (D) are then 
charged to the polymerization reactor. 

[0151] 

The charging sequence is not critical when the individual components as described above are 
each charged separately to the polymerization reactor. However, charging is preferably 
carried out in the following sequence: organometal compound (C), phenol derivative (D), 
transition metal compound (A), and ionic compound (B). While the charging sequence is again 
not critical when a precontact catalyst as referenced above is produced, charging in this case 
is preferably carried out in the following sequence: organometal compound (C), phenol 
derivative (D), and precontact catalyst. 

[0152] 

A Group 1-3 or Group 11-13 organometal compound, e.g., an alkyllithium compound, 
alkylmagnesium compound, or alkylaluminum compound, can be used for production of the 
precontact catalyst. 
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[0153] 

The alkyllithium compound can be exemplified by methyllithium, ethyllithium, propyllithium, and 
butyllithium, while the alkylmagnesium compound can be exemplified by methylmagnesium 
chloride, methylmagnesium bromide, ethylmagnesium chloride, ethylmagnesium bromide, 
propylmagnesium chloride, propylmagnesium bromide, butylmagnesium chloride, and 
butylmagnesium bromide. 

[0154] 

The alkylaluminum compound can be exemplified by trimethylaluminum, triethylaluminum, 
triisopropylaluminum, triisobutylaluminum, trioctylaluminum, tri(2-ethylhexyl)aluminum, and 
tridecylaluminum. 

[0155] 

The olefin polymerization catalyst according to the present invention can be a solid catalyst 
comprising all or part of the above-described individual components supported on the above- 
described carrier (E), or can be the prepolymerized catalyst afforded by the preliminary 
polymerization of olefin on such a solid catalyst (component). 

[0156] 

The solid catalyst (component) can be produced, for example, by intermixing the carrier (E) 
and the transition metal compound (A) and/or ionic compound (B) and optionally the 
organometal compound (C) and/or phenol derivative (D) in an inert solvent. The 
prepolymerized catalyst can be produced, for example, by the introduction of olefin into inert 
hydrocarbon solvent in the presence of the above-described transition metal compound (A), 
ionic compound (B), and carrier (E) and optionally the organometal compound (C) and/or (D) 
phenol derivative. When the organometal compound (C) and/or phenol derivative (D) is/are 
not used during preparation of the solid catalyst (component) or prepolymerized catalyst, the 
organometal compound (C) and/or phenol derivative (D) can then be added to the 
polymerization reactor along with the solid catalyst (component) or prepolymerized catalyst. 

[0157] 

The process for preparing the inventive olefin polymerization catalyst is illustrated in Figure 1. 
Olefin polymerizable by the inventive olefin polymerization catalyst can be exemplified by C2-20 
a-olefin such as ethylene, propylene, 1-butene, 1-pentene, 3-methyl-1-butene, 1-hexene, 4- 
methyl-1-pentene, 3-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1- 
hexadecene, 1-octadecene, and 1-eicosene, and by C3.20 cycloolefins such as cyclopentene, 
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cycloheptene, norbornene, 5-methyl-2-norbornene, tetracyclododecene, and 2-methyl-1 ,4,5,8- 
dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene. Other examples are styrene and 
vinylcyclohexane. Various polyenes can also be copolymerized with the olefin, for example, 
chain and cyclic dienes such as butadiene, isoprene, 1,4-hexadiene, dicyclopentadiene, 5- 
ethylidene-2-norbornene, and 7-methyl-1,6-octadiene; chain and cyclic trienes such as 6,10- 
dimethyl-1,5,6-undecatriene and 5,9-dimethyl-1,4,8-decatriene; and chain and cyclic tetraenes 
such as 6,10,14-trimethyl-1,5,9,13-pentadecatetraene and 5,9,13-trimethyl-1,4,8,12- 
tetradecatetraene. 

[0158] 

The olefin polymerization method 

Olefin polymerization can be executed according to the present invention by a gas-phase 
polymerization method or by a liquid-phase polymerization method such as solution 
polymerization or suspension polymerization. The polymerization solvent can be an inert 
hydrocarbon or the olefin itself. 

[0159] 

The inert hydrocarbon solvent can be specifically exemplified by aliphatic hydrocarbons such 
as butane, isobutane, pentane, hexane, octane, decane, dodecane, hexadecane, and 
octadecane; alicyclic hydrocarbons such as cyclopentane, methylcyclopentane, cyclohexane, 
and cyclooctane; aromatic hydrocarbons such as benzene, toluene, and xylene; and petroleum 
fractions such as gasoline, kerosene, and gas oil. Preferred among these inert hydrocarbon 
solvents are aliphatic hydrocarbons, alicyclic hydrocarbons, and petroleum fractions. 

[0160] 

The transition metal compound (A) is used in polymerization in an amount that provides, 
expressed in terms of the concentration within the polymerization system of the transition 

-8 -3 

metal atom in the transition metal compound (A), from 10" to 10" gram-atom and preferably 
from 10" 7 to 10" 4 gram-atom per 1 liter of polymerization volume. The ionic compound (B) is 
used in an amount that provides a molar ratio [(B)/(A)] between the ionic compound (B) and 
transition metal compound (A) of from 0.01 to 10 and preferably from 0.5 to 5. 

[0161] 

The organometal compound (C) employed on an optional basis is used in an amount that 
provides a value generally from 5 to 50,000 and preferably from 10 to 20,000 for the 
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M/(transition metal) atomic ratio between the Group 13 atom (M) in the.organometal compound 
(C) and the transition metal in the transition metal compound (A). The phenol derivative (D) 
employed on an optional basis is used at 0.1 to 2.9 moles, preferably 0.4 to 2.5 moles, and 
particularly preferably 0.7 to 2 moles per 1 mole ionic compound (B). 

[0162] 

The Group 13 compound (B') is used in the same quantities as the ionic compound (B). The 

polymerization temperature will generally be -50 to 200°C and preferably is 0 to 180°C. The 

2 

polymerization pressure will generally be from atmospheric pressure to 100 kg/cm and is 

2 

preferably from atmospheric pressure to 50 kg/cm . 
[0163] 

The polymerization can be run by batch, semicontinuous, or continuous methods. The 
polymerization can also be divided into 2 or more stages with different reaction conditions. 

[0164] 

Advantageous Effects of the Invention 

Olefin polymerization catalyst components according to the present invention exhibit olefin 
polymerization activity when combined with, for example, a metallocene compound. 

[0165] 

Olefin polymerization catalyst according to the present invention exhibits a high olefin 
polymerization activity. The inventive olefin polymerization method also exhibits a high 
polymerization activity. 

[0166] 

Examples 

This invention is more specifically described hereinbelow through illustrative examples, but is 
not limited to these examples. 
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[0167] 



Synthesis Example 



Synthesis of 4-methvl-3-pentafluorophenvlimidazole 



[0168] 




R F 



HN 



r 



[0169] 



2-methylimidazole (12.18 mmol), 1.70 mL pentafluoroiodobenzene (12.18 mmol), and 10 mL 
anhydrous acetonitrite were introduced into a 100 mL three-neck reactor that had been 
thoroughly purged with nitrogen and were irradiated for 72 hours while stirring. The solvent 
was distilled off and the residue was taken up in diethyl ether. The resulting solution was 
washed with aqueous sodium bicarbonate and saturated aqueous sodium chloride and then 
dried over anhydrous sodium sulfate. The solvent was distilled off to give 1 .00 g (yield = 33%) 
of a light orange solid. The structure was identified by FD-MS. 

[0170] 

Synthesis of lithium tetrakis(4-methvl-3-pentafluorophenvlimidazole)boron 



[0172] 

1.00 g (4.03 mmol) of the 4-methyl-3-pentafluorophenylimidazole synthesized as above and 
0.021 g (0.96 mmol) lithium tetrahydroborate were introduced into a 100-mL three-neck reactor 



[0171] 
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(fitted with a stirring bar, condenser, addition funnel, and thermometer) that had been 
thoroughly purged with nitrogen. The reactor was heated to 180°C while stirring. After 24 
hours, the solid was filtered off on a glass filter and the material on the filter was washed 5 
times with 50 mL anhydrous toluene. This gave 0.8 g (yield = 83%) of a white solid. 

[0173] 

Synthesis of N.N-dimethvlanilinium tetrakis(4-methvl-3-pentafluorophenvlimidazole)boron 
[0174] 



PhNMe 2 H B 




[0175] 

0.02 g (0.165 mmol) N,N-dimethylaniline and 10 mL water were introduced into a 50-mL 
roundbottom flask and were stirred at room temperature. 3.3 mL (0.33 mmol) 0.1 N aqueous 
hydrochloric acid was added and N,N-dimethylaniline hydrochloride was prepared by stirring 
for 30 minutes at room temperature. 0.15 g (0.149 mmol) lithium tetrakis(4-methyl-3- 
pentafluorophenylimidazole)boron and 10 mL water were also introduced into a separate 50- 
mL roundbottom flask and were stirred for 30 minutes at room temperature. To this was added 
the previously prepared N,N-dimethylaniline hydrochloride followed by stirring for 1 day at 
room temperature. The resulting white slurry was filtered on a glass filter and was washed 
with 50 mL water. The obtained solid was dried under reduced pressure to give 0.09 g (yield = 
54%) of a solid. 

[0176] 

Example 1 

400 mL toluene was charged to a 500-mL glass autoclave that had been thoroughly purged 
with nitrogen, ethylene was passed through at 100 L/hour, and the system was maintained at 
75°C for 10 minutes. Polymerization was initiated by the addition of 0.800 mmol 
triisobutylaluminum, then 0.0008 mmol ethylenebis(indenyl)zirconium dichloride, and finally 
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0.0016 mmol N,N-dimethylanilinium tetrakis(4-methyl-3-pentafluorophenylimidazole)boron. 
Polymerization was run for 6 minutes at 75°C at ambient pressure while continuously feeding 
ethylene gas at 100 L/hour. Polymerization was then stopped by the addition of a small 
amount of methanol. The polymer was precipitated by the addition of the polymer solution to a 
large excess of methanol and was dried under reduced pressure for 12 hours at 80°C. 2.0 g 
polymer was obtained. 

Brief Description of the Drawings 

Figure 1 contains a descriptive drawing that illustrates the process for preparing olefin 
polymerization catalyst according to the present invention. 
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Figure 1. 
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